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CLINCH RIVER BREEDER REACTOR 

by 

K a l i m u l l a h , P. H. K i e r , 
and H. H. Hummel 

ABSTRACT 

Calculations of distributions of power and sodium void reac
tivity, unvoided and voided Doppler coefficients and steel and 
fuel worths have been performed using diffusion theory and first-
order perturbation theory for the LWR discharge Pu-fueled CRBR at 
BOL, the FFTF-grade Pu-fueled CRBR at BOL and for the beginning 
and end of equilibrium cycle of the LWR-Pu-fueled CRBR. The 
results of the burnup and breeding ratio calculations performed 
for obtaining the reactor compositions during the equilibrium 
cycle are also reported. Effects of sodium and steel contents 
on the distributions of sodium void reactivity and steel worth 
have also been studied. Errors and uncertainties in the reactiv
ity coefficients due to cross-sections and the two-dimensional 
geometric representations of the reactor used in the calculations 
have also been estimated. Comparisons of the results with those 
in the CRBR PSAR are also discussed. 



I. INTRODUCTION 

This report describes physics calculations for the beginning of life 
(BOL) state, for which some preliminary results were reported in Ref. 1, and 
the beginning and end of equilibrium cycle (BOEC and EOEC) states of the 
Clinch River Breeder Reactor (CRBR),^ undertaken to provide power and 
reactivity coefficient distributions for use in accident studies mostly per
formed at Brookhaven National Laboratory (BNL) in support of the CRBR Prelim
inary Safety Analysis Report (PSAR) review by Advanced Reactors Division of 
Reactor Licensing. As a decision was made later to employ Fast Flux Test 
Facility (FFTF) grade plutonium fuel in the first core and subsequent two 
reloads of the CRBR due to unavailability of Light Water Reactor (LWR) dis
charge plutonium, power and reactivity coefficient distributions for the 
FFTF-Pu-fueled CRBR at BOL have also been reported here. The SAS3A channel 
definitions at BOL, BOEC and EOEC used in this work are those used at BNL 
for accident studies. The results of the bunrup calculations performed for 
obtaining reactor compositions during the equilibrium cycle are also reported 
here. 

Four cross-section libraries were generated from the ENDF/B Versions 
III and IV data for use in these calculations. Comparisions of R-Z geome
try and 2-D triangular mesh calculations of reactivity coefficients using 
ENDF/B-III cross-sections were made to get an estimate of the uncertainty due 
to geometric representation. The reactivity coefficients at EOEC were cal
culated using two cross-section sets, one based on the ENDF/B-III data and 
the other based on the ENDF/B-IV data, to get an estimate of the uncertainties 
due to cross-sections. 



II. CALCULATION OF POWER AND REACTIVITY COEFFICIENT DISTRIBUTIONS 
FOR THE LIGHT WATER REACTOR GRADE PLUTONIUM-FUELED CRBR 

AT THE BEGINNING OF LIFE 

Figure II-l shows the layout of the inner core, outer core, radial 
blanket and reflector regions in the Clinch River Breeder Reactor (CRBR), 
and also shows the identification niambers assigned to the subassemblies in 
the Preliminary Safety Analysis Report and the present report. 

The present calculations of power and reactivity distributions are im
proved over those reported earlier^ in that the revised fuel masses and hot 
full power volume fractions given in the Preliminary Safety Analysis Report 
(PSAR)^ Table D4-1, and the hot full power axial dimensions in the PSAR 
Fig. D4-14 have been used in the present calculations. The hot full power 
subassembly pitch is 12.16 cm (4.788 in.). The 1 w/o of ^^^Pu present in 
the Light Water Reactor (LWR) grade plutonium not accounted for in the 
earlier^ analysis has also been included. All the dimensions, volume frac
tions and fuel masses used in the present analyses are put together in 
Table II-l and the R-Z model shown in Fig. II-2. A 27-group temperature-
dependent sodium present and voided cross-section set (Appendix A) generated 
from the ENDF/B version III data for four reactor regions (inner core, outer 
core, blanket and reflector) using the MC^-2 and SDX codes^"* was employed 
in all of the calculations at the Beginning of Life (BOL) unless otherwise 
specified. 

A. Calculations of Power Distribution at the Beginning of Life 

The axial distribution of power and the radial power factors of the core 
and radisil blanket subassemblies were calculated using the 2-D R-Z and 2-D 
triangular mesh diffusion theory capabilities^ of the Argonne Reactor Com
putations (ARC) System. Figure II-2 shows the R-Z model of the hot full 
power CRBR at the beginning of life. The central control rod and the six 
rods at flats of row 7 are two-thirds inserted, and all other rods are com
pletely withdrawn. All the primary control rods contain Bĵ C absorber of 
natural enrichment (19.8 w/o "̂̂ B) having 1.21 kg of '̂'B per subassembly. 
The axial reflectors (steel and sodium 28.50 and 41.54 v/o) and the radial 
reflector (inconel X, steel and sodium 75.20, 13.65 and 11.15 v/o) are essen
tially of infinite thickness neutronically. The axial variation of sodium 
density in the core subassemblies was accounted for in the R-Z model by com
puting the steady state coolant temperature distribution using the SAS code° 
and averaging the axial distributions of all the core subassemblies. The 
resulting average coolant temperature is shown in Table II-2. 

Figures II-3 to II-7 show the axial variation of power at different 
typical locations in the core, lower and upper axial blankets and the radial 
blanket at BOL with the fuel assumed at a uniform temperature of llOO^K, and 
Fig. II-8 shows the radial distributions at core top and bottom and in the 
axial blankets at their interface with the core ends. Table II-3 summarizes 
total power produced in different reactor regions. The maximum (in row 7) 
and the minimiam (in row 4) axial power shape skewness [(power density at core 
bottom)/(power density at core top) minus 1] are 31% and 16%, compared to 
20% row-independent skewness reported in the PSAR Fig. 4.3-9. Calculations 
with all control rods out indicate that the axial variation of sodium den
sity causes an insignificant skewness ('̂-0.2%) in the axial power distribution. 



Axial variation of fuel temperature is estimated to have a greater effect 
on the skewness of axial power distribution (3 to 4%). With the lower half 
of the reactor fuel at 300''K and the upper half at 2200''K, an upper limit 
of the skewness of power distribution caused by axial variation of fuel 
temperature was found to be about 10%. 

For the 2-D triangular mesh model used for computing the radial power 
factors, a sodium density of 0.8426 gm/cm^ corresponding to an axially 
averaged coolant temperature of 722**K was used. By a buckling search, a 
half height of 64.744 cm was determined such that the k-effective with all 
the control rods completely withdrawn equaled that obtained from the R-Z 
model. Figures 11-9, 11-10, and 11-11 show the subassembly power factors, 
the subassembly peak-to-average power density ratios and the subassembly 
peak power factors when the central control rod and the six rods at flats 
of row 7 are fully inserted, and all other control rods are completely with
drawn. Subassembly power factor is defined as the power produced in the 
subassembly divided by the average power per subassembly in the region (core 
or radial blanket). Subassembly peak-to-average power density ratio is 
defined as the power of the highest power pin in the subassembly divided by 
the average power per pin in the subassembly. Subassembly peak power factor 
is defined as the power of the highest power pin in the subassembly divided 
by the average power per pin in the region (core or radial blanket). The 
comparison of core subassembly power factors shown in Fig. II-9 with those 
in the PSAR Fig. 4.3-5 shows that the present calculation gives slightly 
higher (maximum difference 1% in row 2) values in rows 2-6, and lower 
(maximum difference 1% at comers of row 9) in rows 7-9. The maximum peak-
to-average power density ratio at comers of row 9 is 1.173 based on the 
present calculation compared to 1.218 reported in the PSAR. It should be 
noted that the central control rod and the six rods at flats of row 7 are 
assumed to be fully inserted in the 2-D triangular mesh model although they 
are required to be actually inserted two-thirds. 

B. Calculation of Sodium Void Worth Distribution at BOL Using RZ Model 

Using the R-Z model of section II.A and the 2-D R-Z diffusion pertur
bation theory capability^ of the ARC System, studies have been made, at a 
uniform fuel temperature of 1100°K, of the distribution of sodium void 
reactivity and its resonance self-shielding part and the effects of steel 
and sodium content of the reactor on sodium void reactivity. Table 11-4 
simmiarizes sodium void worths totalled by reactor region computed by first 
order perturbation theory and by k-effective difference using three differ
ent cross-section sets, the standard Version III cross-section set and the 
Version IV cross-section set 1 (both generated using the narrow resonance 
approximation as described in Appendix A) and the Version IV cross-section 
set 2 (generated using the RABANL integral transport theory neutron slowing 
down over the resonance energy interval). Voided microscopic cross-sections 
were used for isotopes remaining in voided regions of the reactor. The con
trol subassemblies were never voided. Table II-5 shows rough percentages 
of the different reactivity components obtained by first order perturbation 
calculations of sodium void and other reactivities, normalized to 100% for 
the total effect. These results show to what extent large compensating 
positive and negative effects occur, and give an idea of the uncertainty of 
the net total of the components (due to difference in methods of analysis 
or small changes in the state of the reactor) for sodium void reactivity in 



core and blanket regions. Based on the channels defined in Table II-6, a 
comparison is shown in Table II-7 of sodium void worth distributions in the 
normal reactor and in the core-and-blankets-voided reactor, cases 1 and 2 
of Table II-4, totalled by channel. The difference between the spatial 
distributions of cases 1 and 2 is quite significant as shown by Figs. 11-12, 
11-13, and 11-14 which compare the axial distributions of sodium void worth 
of cases 1 and 2 at some typical locations in the core, upper axial blanket 
and the radial blanket. Figures 11-15 to 11-19 show the axial distributions 
of sodium void worth obtained by averaging those in the normal reactor and 
the core-and-blankets-voided reactor, cases 1 and 2, for all the subassembly 
rows in the core, lower and upper axial blankets and radial blanket. 

The regional totals of sodium void Ak x 10^ obtained by k-effective 
difference at a uniform fuel temperature of 1100°K, listed as case 3 of 
Table II-4, are (11.55, -2.70, -1.45, -0.92, -1.79, 4.69) compared to (9.89, 
-3.03, -0.91, -0.84, -1.53, 3.58) reported in the PSAR Table 4.3-10. Case 
3 is also included in Table II-3 as the recommended regional totals of sodium 
void worth. A comparison of cases 4 and 5 of Table II-4 shows that the 
resonance self-shielding change accounts for about 16.5% of the total sodium 
void worth of the inner core. A comparison of cases 6 and 7 shows that the 
inner core void worth changes by only about 6% with steel content changing 
from 0.5 to 1.5 of normal. A study of cases 8 and 9 shows that the inner 
core specific sodium void worth changes by less than 5% with the sodiimi 
content changing from normal to zero. 

Cases 10 and 11 show sodium void worth distributions computed by lin
earized leakage perturbation in a normal reactor using the Version IV cross-
section sets 1 and 2, respectively. These void worths are more positive 
mainly due to higher ^^^U capture cross-sections in the resonance energy 
interval, e.g. in Version IV cross-section set 2 the ^^% capture cross-
section in groups 17-22, i.e. from 3.36 keV to 0.10 keV is from 2% to 29% 
higher than that in Version IV cross-section set 1. Increase in the ̂ ^"U 
capture cross-section below about 67 keV causes an increase in sodium void 
worth. Cases 12 and 13 give total inner core void worths computed by k-effec
tive difference using the Version IV cross-section sets 1 and 2, compared 
to the worth obtained in case 3 by the same method using the standard Ver
sion III cross-section set. Case 14 and 15 show total inner core void worths 
without the resonance self-shielding part computed by k-effective difference 
using the Version IV cross-section sets 1 and 2, compared to that obtained 
in case 4 using the Version III cross-section set. Comparison of cases 12 
to 15 shows that the resonance self-shielding accounts for about 18.2% of 
the total inner core void worth based on the Version IV cross-section sets. 

C. Calculation of Unvoided and Voided Doppler Coefficient Distributions 
at BOL Using R-Z Model 

Table II-8 summarizes Doppler coefficient distributions in the unvoided 
reactor totalled by region over different temperature ranges, computed by 
first order perturbation theory and k-effective difference. Cases 1 and 2 
are Doppler coefficient calculations over the temperature range 2200-4400**K 
by diffusion perturbation theory, considering the reactor fuel to be initially 
at a uniform temperature of 2200"K and then to be heated to 4400*'K during 
perturbation in case 1. The reverse is assumed in case 2, i.e. the reactor 
is considered to be initially at 4400''K and then to be cooled to 2200°K 



during perturbation. The resonant isotopes whose capture and fission cross-
sections were considered temperature-dependent are ^^^, ^^®U, ^^®Pu, ^^^Pu, 
'̂ '*°Pu, ̂ '*^Pu, and 2'*2pu. The difference between the spatial distribution 
of cases 1 and 2 is quite significant as shown by Figs. 11-20, 11-21, and 
11-23 in which are compared the axial distributions of unvoided Doppler 
coefficients of cases 1 and 2 at some typical locations in the core, upper 
axial blanket and the radial blanket. Case 3 which is the average of cases 
1 and 2 represents a more accurate unvoided Doppler coefficient distribution 
over the temperature range 2200-4400°K, and the total of the core and blan
kets in case 3 agrees more closely to the exact total in case 4 obtained by 
k-effective difference. Figures 11-23 to 11-27 show the axial distributions 
of the unvoided Doppler coefficient of case 3 for all the subassembly rows 
of the core, lower and upper axial blankets and radial blanket. Recommended 
regional totals of the unvoided Doppler coefficient over the range 2200-
4400°K are also included for case 3 in Table II-3. Table II-7 shows the 
unvoided Doppler coefficient of case 3 by channel, and the total 
T dk/dT X 10^ of all channels is -62.30 compared to -62.50 reported in the 
PSAR Table D4-11. 

Table II-8 case 5 gives unvoided Doppler coefficient distribution 
obtained by R-Z diffusion perturbation theory considering the reactor fuel 
to be initially at a uniform temperature of llOO^K and then to be heated to 
2200*'K during perturbation. Case 7 is obtained by normalizing case 5 to the 
total unvoided Doppler coefficient over 1100-2200*'K computed by k-effective 
difference, shown as case 6. As shown by the comparison of cases 1 to 4, 
case 7 represents a more accurate unvoided Doppler coefficient distribution 
over the temperature range 1100-2200**K than case 5. Case 8 is an average 
value over the range 1100-4400°K and heis been obtained by k-effective differ
ence. 

Cases 9 and 10 show the distributions of unvoided Doppler coefficient 
over 2200-4400*'K computed by first order perturbation theory using the 
Version IV cross-section sets 1 and 2, compared to that obtained in case 5 
by the same method using the standard Version III cross-section. 

Table II-9 summarizes voided Doppler coefficients totalled by reactor 
region over different temperature ranges in the same order as Table II-8 
summarizes unvoided Doppler coefficients. In the voided case, the core, 
lower and upper axial blankets and radial blanket of the reactor were com
pletely voided including the sodium in the intersubassembly duct wall gap 
but excluding the control subassemblies. Figures H-28, 11-29, and 11-30 
compare the axial distributions of the voided Doppler coefficients over the 
range 2200-4400°K of cases 1 and 2, computed by first order perturbation 
using fluxes at 2200"*K and 4400"'K respectively, at some typical locations 
in the core, upper axial blanket and the radial blanket. Figures 11-31 and 
11-32 show the axial distributions of the voided Doppler coefficient over 
the range 2200-4400°K given by case 3 of Table II-9. Its distribution by 
channel is given in Table II-7 and case 3 is also included in Table II-3 as 
the recommended regional totals of voided Doppler coefficient over 2200-
4400''K. The total T dk/dT x lO"* of all channels is -38.94 compared to -36.0 
reported in the PSAR Table 4.3-9. Case 7 of Table II-9 gives the recommended 
regional totals of the voided Doppler coefficient over the temperature range 
1100-2200"K. 



Table 11-10 summarizes Doppler coefficients averaged over the tempera
ture range 1100-4400''K for different stages of sodium voiding. The compar
ison of cases 4 and 5 shows that the inner core Doppler coefficient of the 
core-and-blankets-voided reactor reduces by 20% when the control subassemb
lies are also voided. A study of the effect of reflector thickness shows 
that the inner core Doppler coefficient decreases by about 3% if the axial 
and the radial reflectors are reduced to 1/4 and 1/2 of their thicknesses. 

D. Calculation of Steel Worth Distribution at BOL Using R-Z Model 

Studies have been made of the steel worth distribution and of the ef
fects of steel and sodium contents on this distribution. Table 11-11 sum
marizes steel worth distributions totalled by reactor region computed by 
linearized leakage perturbation theory, exact leakage perturbation theory 
and k-effective difference at a uniform fuel temperature of llOO'K. The 
large values of rough percentages of leakage, spectral and capture components 
of steel worth in the outer core indicate the great uncertainty of the steel 
worth in the outer core with respect to small changes in the reactor and to 
different methods of analysis. This uncertainty is also clear from 
Table 11-11. The worth of half of the total steel in cladding, wrapper 
wires and the subassembly duct in an unvoided reactor, at a uniform fuel 
temperature of 1100°K is given under case 1 of Table 11-11. Case 2 is the 
same with the core, axial blankets and radial blanket completely voided 
including the sodium in the intersubassembly duct wall gap but not the con
trol subassemblies. Figures 11-33, 11-34 and 11-35 compare the axial dis
tributions of steel worth of cases 1 and 2 at some typical locations in the 
core, upper axial blanket and radial blanket, and Table II-7 compares the 
totals by channel of these steel worth distributions. The difference bet
ween these two cases in the inner core is not small. Figures 11-36, 11-37, 
and 11-38 show the axial distributions of steel worth obtained by averaging 
cases 1 and 2, for all the subassembly rows. The average steel worth is 
also included in Table II-3 as the recommended regional totals, and the 
spatial distribution of this average agress with the PSAR Table D4-18 
within 8%. 

Case 3 of Table 11-11 shows the steel worth distribution in the reactor 
with only the inner core voided. Cases 4 to 7 show the effect of the exact 
leakage component of reactivity, compared to the linearized value for the 
inner core voided and for the normal reactor. The steel worth distribution 
computed by the exact leakage perturbation with steel removal during pertur
bation is more positive than vLth steel addition during perturbation because 
of the larger (positive) leakage component of the reactivity. Cases 8 to 
11 show inner core steel worths in the inner-core-voided and the normal 
reactors computed by k-effective difference for 50% steel removal from and 
addition to the inner core region. A study of cases 1 to 11 shows that the 
inner core steel worth decreases by less than 4.5% in magnitude when the 
inner core is completely voided. Cases 12 and 13 are respectively the worths 
of the first 10% and all the 100% of the normal amount of the inner core 
steel computed by k-effective difference for removing steel. A study of 
cases 8 to 13 indicates that the inner core steel worth changes by less 
than 3.7% when the steel content of the inner core changes by 0.5 of normal. 

Cases 14 and 15 show steel worth distributions computed by first-order 
perturbation theory using the Version IV cross-section sets 1 and 2, com-



pared to that obtained in case 1 by the same method using the standard 
Version III cross-section set. The effect of using Version IV cross-section 
is not very significant on the steel worth distribution. 

E. Calculation of Core Fuel Worth Distribution at BOL Using R-Z Model 

Table II-3 shows regional totals of core fuel worth computed by first 
order perturbation theory in the reactor with the core, axial blankets and 
radial blanket completely voided (excluding the soditim in the control sub
assemblies) and with the fuel at a uniform temperature of llOO^K. In the 
axial blankets above and below the inner core zone, it is the inner core 
fuel whose worth was computed, and in the axial blankets above and below 
the outer core zone the worth of outer core fuel was computed. In the 
radial blanket the worth of radial blanket fuel was computed. This was done 
because in hypothetical core disruptive accidents only the core fuel may 
move and relocate during the initial phase of the accident which will be 
analyzed using these worth distributions. Figures 11-39 to 11-43 show the 
axial distributions of core fuel worth for all subassembly rows in the core, 
lower and upper axial blankets and radial blanket. Table II-7 shows the 
distribution of core fuel worth totalled by channel. The total of the inner 
and outer core fuel worths is nearly 6% higher than that reported in the 
PSAR Table D4-16. The skewness of the axial distribution of core fuel worth 
ranges from 22% to 37% due mainly to the partial insertion of the control 
rods. 



III. CALCULATION OF POWER AND REACTIVITY COEFFICIENT DISTRIBUTIONS 
FOR THE FAST FLUX TEST FACILITY GRADE 

PLUTONIUM-FUELED CRBR AT BOL 

The distributions of power and reactivity coefficients for the Fast Flux 
Test Facility (FFTF) grade plutonlum-fueled CRBR at BOL was studied because 
of the recent decision to employ FFTF plutonium in the fresh fuel for the 
first core due to unavailability of the LWR plutonium. All these calculations 
were performed using the same methods and the R-Z model as those used in 
Section II for the calculation of power and reactivity worth distributions 
in the LWR-Pu-fueled CRBR, except that the R-Z model was modified to account 
for the changes in (a) the total heavy metal masses in the inner and outer 
cores, (b) the enrichments of the inner and outer core regions and (c) the 
isotopic composition of plutonium. The Isotopic composition of the FFTF-grade 
plutonium, 238pu/239p^/240py^241p^/2ti2p^ ^^ 0.0/86.4/11.7/1.7/0.2 w/o compared 

to 1.0/67.3/19.2/10.1/2.4 w/o of the LWR discharge grade plutonium. With the 
FFTF-grade plutonium the required enrichments of the inner and outer core 
regions are 17.7 w/o and 25.6 w/o Pu/(U+Pu) compared to 18.7 w/o and 27.1 
w/o Pu/(U+Pu) for the LWR-grade plutonivm fuel as reported in the PSAR 
Chapter 4.3. The total heavy metal masses (including plutonium and uranium 
but excluding oxygen) in the inner and outer cores of the FFTP-Pu-fueled CRBR 
at BOL as reported in the PSAR Table 4.3-32 are 3561 kg and 2981 kg. Control 
rod insertions were the same as those used in the case of the LWR-grade 
plutonlum-fueled CRBR at BOL, and the standard Version III cross-section set 
was used in all the calculations. 

Table III-l summarizes the regional totals of power, sodium void worth, 
unvoided and voided Doppler coefficients, steel and core fuel worths both for 
the FFTF-grade and the LWR-grade plutonium fuels, the method of analysis 
being alike in each case. Table III-2 shows the totals by channel of the 
distributions of power and reactivity coefficients in the FFTF-Pu-fueled CRBR 
at BOL. 

Figure III-l, IH-2, and III-3 show the subassembly power factors, subas
sembly peak-to-average power density ratios and subassembly peak power factors 
obtained from a 2-D triangular mesh diffusion theory calculation with the 
central control rod and the six rods at flats of row 7 fully inserted. 
Figures III-4, III-5, and III-6 show the axial distributions of power in all 
the rows of the core and some typical locations in the radial blanket obtained 
from a 2-D R-Z diffusion theory calculation with the central control rod and 
the six rods at flats of row 7 inserted two-thirds into the core, and with 
the fuel assumed at a uniform temperature of 1100**K. Figure III-7 shows the 
radial distributions at core top and bottom and in the axial blankets at 
their interface with the core ends. Comparison of regional power totals, 
subassembly power factors, subassembly peak-to-average power density ratios 
and axial power profiles between the FFTF-grade and the LWR-grade plutonium 
fuels shows that the power distribution remains essentially unchanged. 

The sodium void worth and steel worth distributions have been computed 
by 2-D R-Z linearized leakage diffusion perturbation theory using the real 
and adjoint fluxes generated in the normal reactor at a uniform fuel temp
erature of llOO'K. Figures III-8 and III-9 show the axial distributions of 
sodium void worth in all the rows of the core and some tjrplcal locations in 
the radial blanket, and Figs. III-IO, III-ll, and III-12 show comparisons of 
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typical axial distributions in the core, upper axial blanket and radial blan
ket of sodium void worth between the FFTF-grade and the LWR-grade plutonium 
fuels (obtained by precisely the same method of analysis), Figures III-13 
and III-14 show the axial distributions of steel worth in all the rows of 
the core and some typical locations in the radial blanket, and Figs. III-15, 
III-16, and III-17 show comparisons of typical axial distributions In the 
core, upper axial blanket and radial blanket of steel worth between the FFTF-
grade and the LWR-grade plutonium fuels. In the blanket regions the compari
sons are closer than those in the core regions both for the sodium void and 
the steel worth distributions, and the comparisons for the steel worth dis
tributions are in general closer than those for the sodium void worth distri
butions. When converted into dollars, (total effective delayed neutron 
fraction is 0.00335 using the FFTF fuel compared to 0.00365 using the LWR fuel 
as reported in the PSAR Table 4.3-33) the inner core sodium void worth with 
the FFTF-plutonlum fuel is found about 18% larger than that with the LWR-
plutonlum fuel, whereas the corresponding comparison reported in the PSAR 
Table 4.3-35 shows an Increase of about 24%. A similar comparison of the 
inner core steel worth shows an increase in magnitude of a little less than 
11% only. Table III-2 shows the totals by channel of the steel worth distri
bution in the FTF-plutonium-fueled CRBR when the core and the axial and radial 
blankets are completely voided (excluding the sodium in the control subassem
blies) . 

The distributions of unvoided and totally voided (including the sodium 
in the intersubassembly duct wall gap of core and blanket regions but ex
cluding the sodium in the control subassemblies) Doppler coefficients over 
the temperature range 2200-4400**K have been computed by 2-D R-Z diffusion 
perturbation theory using the pairs of real and adjoint fluxes at both ends 
of the temperature range and then taking the average of the distributions 
resulting from the perturbations at the two temperatures. Figures III-18 to 
III-21 show the axial distributions of the unvoided and voided Doppler coef
ficients in all the rows of the core and some typical locations in the radial 
blanket, and Figs. III-22 to III-27 show comparisons of their typical axial 
distributions in the core, upper axial blanket and radial blanket between the 
FFTF-grade and the LWR-grade plutonium fuels (obtained by precisely the same 
method of analysis). The unvoided Doppler coefficient for the FFTF-Pu-fueled 
CRBR is about 3.4% lower, and the voided Doppler coefficient about 4.0% lower 
than those for the LWR-Pu-fueled CRBR. 

Figures III-28 to III-31 show the axial distributions of core fuel worth 
in all the rows of the core and axial blankets, and the axial distributions 
of radial blanket fuel worth at some typical locations in the radial blanket, 
computed by 2-D R-Z linearized leakage diffusion perturbation theory using 
the real and adjoint fluxes generated in the core-and-blanket-voided reactor 
at a uniform fuel temperature of llOO^K. Comparison of fuel worth distribu
tions between the FFTF-plutonlum and the LWR-plutonium-fueled CRBR shows that 
these are essentially the same in units of Ak/k per kilogram. It should be 
pointed out that the FFTF-plutonlum fuel is about 9% higher in specific 
reactivity worth in dollar units than the LWR-plutonium fuel because of the 
difference in the total delayed neutron fraction. 
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IV. EQUILIBRIUM CYCLE BURNUP CALCULATION USING LWR-Pu FUEL 

A. Burnup Pattern of Initial Cycles 

Based on the core and radial blanket fuel management Indicated in the 
Preliminary Safety Analysis Report^ (PSAR), Fig. 4.3-3 and described in some 
detail 1ft Ref. 8, Table IV-1 gives the number of cycles of burnup at the end 
of cycles 1 to 13 (beginning of cycle 1 marks beginning of life) for core 
and radial blanket subassembly locations identified by the subassembly iden
tification numbers defined in the PSAR, Fig. D4-6. While the inner and 
outer core fuel subassemblies remain fixed in their locations between charging 
and discharging for three cycles. Table IV-2 describes the shuffling paths 
of the radial blanket subassemblies during their six-cycle residence in the 
blanket. The first cycle is of 128 days, the second 200 days, and the third 
and succeeding are of 274 days. 

It is clear from Table IV-1 that cycles 1 to 7 are non-equilibrium 
cycles, and cycle 8 is the earliest which appears to be an equilibrium cycle 
as far as the burnup of different subassemblies measured in number of cycles 
is concerned. The actual burnup and composition of the subassemblies must 
be different from the values calculated for an equilibrium cycle because all 
the burnt subassemblies in cycle 8 were exposed to non-equilibrium neutron 
flux and adjacent subassemblies for up to 5 cycles. In view of the 3-cycle 
residence time of subassemblies in core, cycle 11 shoiHd have a core composi
tion close to that of the equilibrium cycle. As far as both the core and 
the radial blanket subassemblies are concerned, cycle 14 should be the 
earliest to have the equilibrium composition because the radial blanket sub
assemblies have a 6-cycle residence time. The present calculations of power 
and reactivity distributions have been done using the core and radial blan
ket subassembly compositions at the beginning of cycle 14. 

B. Equilibrium Cycle Calculation and Results 

The equilibrium cycle calculation was performed with the help of the 
REBUS-2 Code^ using the R-Z model shown in Fig. IV-1 and a 9-group cross-
section set based on ENDF/B Version III data. In the R-Z model each two 
adjacent fuel subassembly rows, e.g. rows 2 and 3, were put in one radial 
burnup region because taken together the two rows contain an exactly equal 
number of burnup stage 1, 2, and 3 subassemblies as the REBUS-2 Code requires. 
Axially there are two regions in the axial blanket and four in the lower half 
of the core. The REBUS-2 Code is not capable of modelling the charging and 
shuffling shown in Tables IV-1 and IV-2 of subassemblies in the radial blan
ket because uneuqal numbers of subassemblies are charged at the beginning 
of the six different equilibrium cycles. In the present calculation the 
vdiole of the radial blanket was put in one radial burnup region (thus 
smearing all the shuffling) and one-sixth of the blanket was assumed to be 
charged at the beginning of each cycle. The core and axial blanket are 
refueled in thirds. 

Table IV-3 shows some of the basic input to the equilibriimi cycle cal
culations. The cycle length of 274 days was split into four equal burn-
steps. The fuel cycle was assumed to be of the once-through type with no 
reprocessing and recycle of the burnt fuel. The isotopic compositions of 
plutonium and uranium required for fabricating fresh charge are the same as 
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those at the beginning of life. The full atom densities of the fresh charges 
for the inner core, outer core, axial blanket and radial blanket, and the 
ratio of outer core charge enrichment to inner core charge enrichment are 
also the same as those at the beginning of life. Keeping the ratio of outer 
core to inner core charge enrichments constant at 1.4500, the enrichments 
of the inner and outer cores were adjusted to obtain a k-effective of 
1.002 ± 0.005 with all control rods withdrawn at the end of the equilibrium 
cycle. 

At each of the five time nodes, control absorber concentration search 
was done for the central rod containing natural enrichment B^C and the 12 
rods at the flats and comers of row 7 containing 50 w/o enrichment Bi+C to 
keep the reactor critical. The control absorber was assumed to be smeared 
over the full core height and all the 18 rods were assumed to move together 
as one bank. The six control rods at comers of row 4 were always out. 

Table IV-4 shows all the nuclear reactions accounted for in the burnup 
calculations. Two sets of lumped fission products available in ENDF/B Ver
sion III data for ^^^Pu and ^^^U fissions were used, and isotopes beyond the 
tertiary ones were not accounted for. Table IV-5 summarizes the yields^ *̂  
and atomic weights of all the fission products for ^^^Pu and ^^^U fissions. 
The atomic weights of RSFP (rapidly saturating lumped fission product) and 
SSFP (slowly saturating) were determined by averaging the atomic weights of 
the isotopes in each lumped group weighted by their isotopic yields, and the 
atomic weight of NSFP (non-saturating) was determined based on mass conser
vation during fission. The data for yields, atomic weights and cross-sections 
of the lumped fission products of ^^^U fission were also used for the fis
sions of 238u^ 236u, 237Np^ 21*1^^^ 2it3^^ ^^d '̂•'•Cm, and the corresoonding 
data for 239p^ fission were also used for the fissions of 238py^ 2'»0pŷ  ^^^Pu, 
and 2'*̂ Pu. 

Table IV-6 shows the enrichments of the fresh fuel subassemblies required 
for refueling the inner and outer cores such that a k-effective of 1.002 is 
obtained with all control rods withdrawn at the end of the cycle. These 
enrichments, 21.139 w/o for the inner core and 30.635 w/o for the outer core, 
are higher than those required at the beginning of life, 18.7 and 2 7.1 w/o 
respectively. Table IV-6 also shows the reactor breeding ratio with its 
regional split and regional conversion ratios as functions of time. It 
should be noted that ^̂ Sjj destruction was not added to the denominator in 
computing these ratios. The reactor breeding ratio rises from 1.097 at BOEC 
to 1.140 at EOEC. 

Table IV-7 shows the regional mass inventory at BOEC and EOEC of all 
the isotopes whose production and depletion was computed, and Table IV-8 
compares the regional mass inventory at BOEC of some of the important iso
topes with those reported in the PSAR,2 Table 4.3-2. The total mass of 
fissile isotopes (2^9pu, ^"^^Pu, 235u, and '^'*^Aia) based on our calculations 
is 0.1% less in the inner core and 3.2% less in the outer core than that in 
the PSAR. The total mass of heavy metals including fission prodcuts based 
on our calculations is 0.6% more in the inner core and 0.4% more in the outer 
core than that in the PSAR. The total mass of heavy metals Including fission 
products based on our calculations is 0.2% more in the axial blankets and 
0.2% more in the radial blanket than that in the PSAR. The comparison also 
indicates that depleted uranium (nearly 0.2 w/o ^^^V) has been used in the 
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fresh fuel for the core in the PSAR equilibrium cycle calculations whereas 
the use of natural uranium (nearly 0.7 w/o ^2%) in the fresh fuel for the 
core was continued from the beginning of life to the equilibrium cycle in 
our calculations. Table IV-9 shows the isotopic composition of the plutonium 
inventory at the beginning and end of the equilibrium cycle by reactor 
region, averaged over all the fuel in different burnup stages present in the 
region. 

The difference of isotopic inventories (shown in Table IV-7) between 
EOEC and BOEC gives the net buildup of the isotope over an average equllib-
brium cycle. Table IV-10 shows the buildup of the different plutonium 
isotopes by reactor region and compares with those reported in the PSAR, 
Table 4.3-4. The negative sign for 239py ĵĵj 24 Ip^ buildup in the inner and 
outer cores indicates that there is a net depletion of fissile isotopes in 
the core because the conversion ratios of the inner and outer cores (shown 
in Table IV-6) are each less than one. 

Table IV-11 shows the isotopic composition and the total mass of the 
plutonium present in the subassemblies discharged at the end of an average 
equilibrium cycle. The fissile content of the plutonium discharged from the 
axial and radial blankets is nearly 94 w/o compared to 68-69 w/o in the 
plutonium discharged from the inner and outer cores. Table IV-12 shows the 
cumulative burnup of core and radial blanket subassemblies with the number 
of cycles of residence. For the subassemblies in rows 2 to 9, the axial seg
ments A and B are located in the core and the segments C and D in the axial 
blanket. The burnup of a subassembly averaged over the axial segment A gives 
an estimate of the maximum burnup for that subassembly. 

The atom densities of all the 24 Isotopes shown in Table IV-4 in the 
30 regions containing these active isotopes (shows in Fig. IV-1) were also 
obtained from the equilibrium cycle calculations for fuels of different 
bumups (1 to 3 cycles of burnup for core and axial blanket regions and 1 
to 6 cycles of burnup for radial blanket regions) for subsequent use in the 
calculation of subassembly power factors and reactivity worths. 

C. Improved Equilibrium Cycle Calculations with More Detailed 
Radial Blanket Fuel Management Model 

With a view to understand the differences between the calculations 
reported in the PSAR and our calculations of radial power distributions using 
the fuel compositions at BOEC and EOEC obtained by the above equilibrium 
cycle calculations, another equilibrium cycle calculation was performed with 
the improvement that the radial blanket was split into six annuli and the 
radial blanket fuel management scheme (given in Table IV-2) was modeled in 
an average sense as shown in Fig. IV-2. The averaging implies, for example, 
that 18 subassemblies are assumed to be charged each year in the annular 
region 71 of Fig. IV-2 although during actual fuel management 24 subassem
blies (identifications 34, 35, 39, and 40) are charged at the beginning of 
one cycle and the remaining 12 subassemblies (dentiflcations 33 and 41) at 
the beginning of the next cycle. Fig. IV-2 shows radial blanket only; 
axially there are six regions as before and the rest of the R-Z model is the 
same as that shown in Fig. IV-1. The rest of the calculational details are 
identical to those of the earlier (unimproved) equilibrium cycle calculation. 
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Table IV-13 shows the required enrichments of the fresh charges for 
refueling the inner and outer cores such that a k-effective of 1.002 is 
obtained with all control rods withdrawn at EOEC. Table IV-13 also shows 
the reactor breeding ratio with its regional split and regional conversion 
ratios as functions of time. A comparison of Table IV-6 showing the same 
quantities obtained by the earlier unimproved calculation with Table IV-13 
shows no significant differences. 

Table IV-14 shows the radial blanket heavy metal mass inventory at BOEC 
and EOEC obtained by the improved fuel management calculation and compares 
it with the heavy metal mass inventory at BOEC reported in the PSAR, 
Table 4.3-2. The improvements in the Isotopic mass inventories of the inner 
core, outer core and axial blankets were insignificant. The ^^^Pu mass in
ventory at BOEC has Increased to 295.35 kg for the improved calculation from 
250.49 kg for the unimproved calculation compared to 262.4 kg reported in 
the PSAR. Total fission products mass inventory at BOEC has increased to 
64.86 kg from 49.39 kg compared to 46.0 kg reported in the PSAR. Table IV-15 
shows the net buildup of the different isotopes of plutonium in the radial 
blanket over an average equilibrium cycle obtained by the improved calcula
tion, and compares with the results obtained by the unimproved calculation 
and those reported in the PSAR, Table 4.3-4. The reason for the agreement 
between the plutonium buildups obtained by the improved and the unimproved 
calculations (with significant difference between the plutonium mass inven
tories) is that during earlier burnup stages in the inner annuli of the 
improved radial blanket model 2 39py builds up faster due to higher (than the 
average over the whole radial blanket used for burnup in the unimproved cal
culation) neutron flux averaged over an inner annulus (inspite of lower 
conversion ratios). The conversion ratio decreases with increasing ^^^Pu 
content. During later burnup stages in the outer annuli of the radial 
blanket ^^^Pu builds up at a slower rate than that in the unimproved calcula
tion due to lower (than the average over the whole radial blanket used for 
burnup in the unimproved calculation) neutron flux and lower conversion ratio. 
The result is that the plutonium content of six-cycle burnt subassemblies 
turns out to be about the same by either calculation although the improved 
calculation gives a higher plutonum content for less than six cycle burnt 
subassemblies present in the radial blanket. 

Table IV-16 shows the axial maximum bumups of the radial blanket sub
assemblies obtained by the improved calculation. Subassembly identification 
37 has a maximum burnup of 48.86 MWD/kg after six cycles of residence which 
is significantly different from a maximum of 18.49 MWD/kg (radially averaged 
over the radial blanket) obtained by the unimproved calculation. The bumups 
of core subassemblies obtained by these two calculations were not signifi
cantly different. 
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V. CALCULATION OF POWER AND REACTIVITY COEFFICIENT DISTRIBUTIONS 
FOR THE BOEC 14 STATE 

The present calculations of power and reactivity distributions are based 
on the burnup calculation described in section IV.B as are all of the cal
culations at the end of the equilibrium cycle unless otherwise specified. 
The present calculations at BOEC 14 are an improvement over those reported 
earlier^^ in that the stagewise burnt up fuel compositions rather than the 
stage-homogenized atom densities have been employed in the core, axial blan
ket and radial blanket regions, and also that the skewness caused by par
tially inserted control rods has been studied. A 27-group temperature-depen
dent sodium present and voided cross-section set (Appendix A) generated from 
the ENDF/B Version III data for four reactor regions (inner core, outer core, 
blanket and reflector) using the Mc2-2^ and SDX Codes'* was employed in all 
of the calculations at BOEC 14 unless otherwise specified. 

A. Calculation of B^C Absorber Concentrations for the Three Primary 
Control Banks and Power Distribution at BOEC 14 

The radial power factors of the core and radial blanket subassemblies 
were calculated using the 2-D triangular mesh diffusion theory capability^ 
of the Argonne Reactor Computations (ARC) System. For the burnt subassemb
lies, the fuel compositions in four equal-height segments over the half core 
height and two equal segments over the axial blanket thickness were calcul
ated but for the 2-D triangular mesh model the fuel compositions of the core 
and radial blanket subassemblies were axially averaged over the core height 
only and the two compositions over the axial blanket thickness were excluded 
from this averaging. The burnup pattern of the core and radial blanket 
subassemblies at BOEC 14 are shown in Table V-1. The half-height of 66.025 
cm used in this 2-D model was calculated by doing a buckling search, with 
the control rods completely withdrawn from the system, i.e. no B^C at all 
in the system, to obtain a multiplication factor of 1.0588, equal to the 
value obtained from a 2-D R-Z model described in a later paragraph. Following 
the technique outlined below, the volume fractions of natural enrichment Bî C 
in the central control rod (bank 1) and of 50% enriched Bi+C in the six rods 
at flats (bank 2) and the other six at comers (bank 3) of row 7 were adjusted 
such that the reactivity worth of each control bank equals that of the actual 
partially inserted bank. 

Using the 2-D triangular mesh model described, effective multiplication 
factors, with one of the three primary control banks individually inserted, 
were calculated and from their differences the worths of the three control 
banks (including extensions of their absorber compositions into the extra
polation thicknesses at the top and bottom of the core) were found to be 
0.956, 6.157, and 4.508%Ak. Using the formula for the worth of a partially 
inserted control rod^^ (based on a sinusoidal axial flux variation) 

P(Z1 = l__l3in2TrZ 
p(H) H 27r ̂ ^" H ' ^̂ ^ 

where Z = distance from the top of the reactor, H = extrapolated height of 
the reactor, and p(Z) = worth of a control rod Inserted to a distance Z the 
reactor, the worths of the central rod two-thirds Inserted into the core. 
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control bank 2 inserted two-thirds and control bank 3 one-third (including 
their extensions into the upper extrapolation thickness) are 72.23%, 72.23%, 
and 27.77% of their full worths, i.e. 0.691, 4.447, and 1.252 %Ak. 

Since these calculated worths have small errors from a number of 
sources,^^ and only the relative magnitudes of these worths rather than the 
absolute values are important in the calculation of power distribution, these 
values were normalized to a total equal to the excess reactivity at the be
ginning of the cycle. I.e. 5.88%Ak so that a critical system is obtained. 
The volume fractions of B^C for each of the three control banks were adjusted 
to these normalized worths, i.e. 0.636, 4.093, and 1.152%Ak, by carrying out 
a separate concentration search for each control bank using the 2-D triangular 
mesh capability^ of the ARC System. The volume fractions of natural B,^C for 
the central rod and 50% enriched B4C for control banks 2 and 3 were found 
to be 0.1888, 0.1649, and 0.0425. (The actual volume fraction of B^C in pri
mary control subassemblies is 0.3390.) These adjusted B^C volume fractions 
are lower than the actual value mainly because of the partial insertion of 
the banks, and those for the first-two control banks, both two-thirds inser
ted, are different due to the difference in spatial self-shielding arising 
from their different enrichments. 

Figure V-1 shows core subassembly power factors based on the power pro
duced in an average core subassembly, and radial blanket subassembly power 
factors based on the power produced in an average radial blanket subassemb
ly at BOEC 14, calculated for the critical reactor using the 2-D triangular 
mesh model with the Bt̂ C volume fractions adjusted as just described. 
Figures V-2 and V-3 show the subassembly peak-to-average power density ratios 
and subassembly peak power factors obtained by the same calculation. Core 
subassembly power factors range from 3.2% higher to 4.5% lower than the 
values reported in the PSAR, Fig. 4.3-7, most of the larger differences being 
in the outer core subassemblies. Total radial blanket power has been found 
to be 57.6 MW (59.0 MW from the 2-D R-Z calculation described below) compared 
to 76.1 MW reported in the PSAR Table 4.3-7. These differences are due to 
(a) the inaccuracies in the unimproved radial blanket burnt fuel compositions 
arising from the use of only one region in the radial direction in the R-Z 
model used for burnup calculation, and (b) the use of an incorrect radial 
blanket subassembly-bumup pattern^'* (different from any of the six patterns 
it takes during its equilibrium operation) for the calculation of the power 
factors reported in the PSAR Fig. 4.3-7. The power factors of core subassem
blies are fairly sensitive to the detailed composition of the radial blanket. 
If the detailed stagewise burnup compositions used in the present calcula
tions in the radial blanket were homogenized and used in all the blanket 
subassemblies, the radial blanket power would increase to about 72.0 MW, the 
power factors of subassemblies in row 2 of the inner core would decrease by 
about 4%, and those of outer core subassemblies increase by a few percent. 
The reason is that the fissile isotope content of the newer radial blanket 
subassemblies adjacent to the outer core is much lower than that of the older 
subassemblies in the outer rows of the blanket. Homogenization of those 
subassemblies is equivalent to moving fissile isotopes radially inwards, and 
this tilts the overall radial shape of the neutron flux (and hence power) 
such that it increases at larger core radii and decreases at smaller radii 
(as if a bank of absorber rods were withdrawn at the core-blanket interface). 
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In order to calculate the axial distribution of power a fairly detailed 
full-height R-Z model of the Clinch River Breeder Reactor (CRBR) whose radial 
structure is given in Table V-1 was constructed for the beginning of cycle 14. 
The core subassemblies were represented by 25 annuli, the radial blanket sub
assemblies by 3 and the control banks 2 and 3 were split respectively into 
2 and 3 annuli such that the model maintains as far as practicable (a) the 
radial distances of subassemblies from the reactor axis, (b) the relative 
locations of fuel subassemblies of varying bumups, and (c) the relative 
location of fuel and control subassemblies. The axial variation of fuel com
position in the burnt core and radial blanket subassemblies (determined for 
six axial segments over the half height of the reactor as described in Sec
tion IV.B) was taken into account in the model except that the compositions 
for the two segments nearest to the core midplane were homogenized. For 
these two compositions, the maximum difference between ^^^Pu atom densities 
was about 1.2% for various core subassemblies (5.5% for various radial blan
ket subassemblies), the maximum difference between 238^ atom densities about 
0.7% for core (0.5% for radial blanket), and the maximum difference between 
atom densities of fission products about 6% for core (13% for radial blanket). 
The axial and radial reflectors were of neutronically infinite thicknesses 
in the model. The central control rod (bank 1) and the six rods at the flats 
of row 7 (bank 2) were inserted two-thirds and the six rods at comers of 
row 7 (bank 3) one-third into the core, some portion of the absorber rods 
extending into the upper axial reflector. The volume fractions of B^C for 
each of the three control banks were adjusted to the normalised worths dis
cussed above, i.e., 0.636, 4.093 and 1.152%Ak, by carrying out a separate 
concentration search for each control bank using the R-Z diffusion theory 
capability^ of the ARC System. The volume fractions of natural B̂ C for the 
central rod and 50% enriched B^C for control banks 2 and 3 were found to be 
0.2501, 0.1621 and 0.1243 compared to the actual volume fraction of 0.3390. 
These adjusted volume fractions of B^C are lower than the actual value mainly 
because of (a) the reduction in spatial self-shielding arising from modeling 
discrete subassemblies into annuli, (b) the overestimatlon of central rod 
worths by R-Z geometry diffusion theory calculations.^^ 

Figs. V-4 to V-7 show the axial distributions of power at different 
tjrpical locations in the core, lower and upper axial blankets and the radial 
blanket at BOEC 14 calculated for the critical reactor using the R-Z model 
with the Bî C volume fractions adjusted in this way. The maximum (in row 7 
subassemblies) and the minimum (in row 2 subassemblies) axial power shape 
skewness [(power density at core bottom)/(power density at core top) minus 1] 
are about 75% and 27%, compared to 20% subassembly-independent skewness 
reported in the PSAR Fig. 4.3-9. The skewness adjacent to the central control 
rod is nearly 46%. Table V-2 summarizes total powers produced in different 
reactor regions. 

B. Effect of Isotopic Fission and Capture Energies 
on Subassembly Power Factors in the CRBR at the 
Beginning of Equilibrium Cycle 14 

The subassembly power factors reported in Section V.A were calculated 
using our standard 27-group cross-section based on ENDF/B Version III data 
with an isotope-independent average energy per fission event. Isotopic 
fission and capture energy data was not used. Core subassembly power fac
tors were found to differ from the values reported in the PSAR Fig. 4.3-7 
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by up to 3.2% higher to 4.5% lower, most of the larger differences being in 
the outer core subassemblies. With a view to investigate the reasons for 
these rather significant differences, the effect of using isotopic fission 
and capture energy data on subassembly power factors was analyzed. 

In order to study the effect of isotopic fission and capture energits, 
another 27-group cross-section set based on ENDF/B Version IV data referred 
to as Version IV cross-section set 2 was used because the former cross-sec
tion set did not contain isotopic fission and capture energy data. This 
cross-section set was generated using the RABANL integral transport theory 
neutron slowing down capability over the resonance energy interval of the 
MC2-2 code and the SDX code for the specific composition and geometry of the 
CRBR. Using the Version IV cross-section set, two calculations of radial 
power distribution, one using an average energy per fission event and the 
other with Isotopic fission and capture energies, were done. Figures V-8, 
V-9 and V-10 show the subassembly power factors, subassembly peak-to-average 
power density ratios, and subassembly peak power factors using an average 
energy per fission event, and Figs. V-11, V-12 and V-13 show the same using 
isotopic fission and capture energies. Figure V-14 shows the subassemblywise 
radially-averaged power densities at the midheight of the reactor core com
puted using isotopic fission and capture energies. It should be noted that 
when an average energy per fission event is used the energy per capture in 
a fissile isotope can still be accounted for in the analysis by lumping it 
with the energy per fission event. What is not accounted for is the energy 
per capture in coolant, structural and other isotopes, and the isotopic vari
ation of energies per capture and per fission. 

' Comparison of subassembly peak-to-average power density ratios between 
calculations with and without isotopic fission and capture energies (done 
with the Version IV cross-section set 2) shows largest differences of about 
4% in row 10 of the radial blanket. The differences in row 11 are smaller 
and those in the outermost row of the radial blanket (row 12) are not more 
than about two tenths of a percent. Subassembly peak-to-average power den
sity ratios with isotopic fission and capture energies are smaller than those 
without, in row 10 and larger in row 12. The subassembly peak-to-average 
power density ratios shown in Fig. V-1 (calculated using the Version III 
cross-section set without isotopic fission and capture energies) are closer 
to the values obtained using the Version IV cross-section set 2 without 
isotopic fission and capture energies than those with, the values in Fig. V-1 
being not more than a percent larger than the Version IV values (without 
isotopic energies) in row 10 of the radial blanket. In the core region the 
subassembly peak-to-average power density ratios obtained form all these 
three calculations differ by not more than a couple of tenths of a percent. 

Core subassembly power factors calculated using the Version IV cross-
section set 2 with isotopic fission and capture energies, shown in Fig. V-11 
are up to 0.9% higher and up to 0.7% lower than those computed using the same 
cross-section set with an average energy per fission event, shown in 
Fig. V-8. Subassembly power factors calculated with isotopic fission and 
core region than those computed without. Comparison of Figs. V-8 and V-11 
smaller power factors when isotopic fission and capture energies are ac
counted for, more so in the outer rows of the core. As far as the compari
son of these two calculations of core subassembly power factors (using the 
Version IV cross-section set 2) shown in Figs. V-8 and V-11 with the values 
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reported in the PSAR Fig. 4.3-7 is concerned, the differences are larger for 
the computation with isotopic fission and capture energies. 

The effect of considering Isotopic fission and capture energies is sig
nificantly larger in the radial blanket because the capture power is a larger 
fraction of the fission power in the radial blanket. The power factors of 
fresh subassemblies of row 10 Increase by up to 7.7% due to the additional 
capture energy. Strikingly, the power factor of the fresh subassembly iden
tification number 51 in row 11 of the radial blanket increases by about 22.5% 
due to its low fission power (compared to other radial blanket subassemblies). 
The power factors of highly burnt subassemblies in the radial blanket 
decrease by up to 4.5%. It is irrelevant to compare radial blanket subassem
bly power factors with the values reported in the PSAR Fig. 4.3-7 because 
an incorrect radial blanket subassembly-bumup pattern, different from any 
of the six patterns it takes during its equilibrium operation, was used for 
the calculation of power factors reported in the PSAR. 

This analysis indicates that the main reasons for the differences in 
the core subassembly power factors between our calculation reported in sec
tion V.A and PSAR Fig. 4.3-7 is not connected with the use of isotopic fis
sion and capture energies, but are still believed to be the ones discussed 
in that section. 

It is interesting to obtain from Fig. V-14 an estimate of the capture 
power in control subassemblies. The central control rod of natural enrich
ment Bt̂ C, Inserted 2/3 into the core, produces about 4% of the power of the 
fresh fuel subassembly in row 2 of the core. Each control rod at flats of 
row 7 containing 50% enriched Bi+C and inserted 2/3 into the core produces 
about 7.6% of the power of the adjacent two-cycle burnt inner core fuel 
subassembly in the same row. 

C. Calculation of Sodium Void Worth Distribution at BOEC 14 
Using R-Z Model and Version III Cross-Sections 

Six pairs of real and adjoint fluxes were computed by two-dimensional 
diffusion theory using the R-Z model of the CRBR at BOEC 14 with the B^C 
volume fractions determined in Section V.A at uniform fuel temperatures of 
llOO'K, 2200''K and 4400''K with the normal amount of sodium present, and with 
core and blankets (including lower and upper axial blankets and the radial 
blanket but excluding the control subassemblies) completely voided. The 
resonant Isotopes whose capture and fission cross-sections were considered 
temperature-dependent are "̂̂ Ŝm, ^^^V, ^^^U, ^^^V, ^^"^Hp, ^^^?u, ^^^Pu, 
'̂•Opu, ̂ 'tlpu, ^^^Pu, '̂•lAm, 2'*3^^ and '̂t'+Cm. Table V-3 shows the values of 
k-effective obtained for these six cases. A two-dimensional R-Z first order 
perturbation calculation based on diffusion theory with linearized leakage 
component of reactivity was performed for sodium void worth distribution in 
the core and blanket with the fuel at a uniform temperature of llOO^K. Based 
on the results of sodium void worth calculations at BOL by different methods, 
only one perturbation calculation, i.e. the voiding of sodium from a normal 
reactor, was considered necessary. In the perturbed reactor with the core 
and blankets completely voided except for the control subassemblies, voided 
microscopic cross-sections were used for the fuel and structural Isotopes 
and unvoided cross-sections for the control subassembly isotopes. 
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Figures V-15 to V-19 show the axial distributions of sodium void worth 
at different typical locations in the core, lower and upper axial blankets 
and the radial blanket at BOEC 14. The axial distributions for subassemb
lies 9 and 68 located adjacent to the partially inserted control rods at 
comers of row 7 have a wiggle at the tip of the control rods, one-third of 
the core height below the core top. The axial distribution of void worth 
for the subassembly 14 adjacent to the control rods at flats of row 7 has a 
wiggle at the tip of the rods, two-thirds of the core height below the core 
top. The axial maxima of void worth distributions for PSAR channels 1 and 
2, defined in Table V-4 reported in the PSAR Fig. F6.2-19 are nearly 88% of 
those obtained by the present calculation. Table V-5 shows the total sodium 
void worth by channel including also the sodium in the intersubassembly duct 
wall gap. Table V-6 summarizes void worth totalled over reactor regions, 
and the total over core and blankets computed by k-effective difference 
agrees fairly well with that obtained by perturbation theory. 

D. Calculation of Unvoided and Voided Doppler Coefficient Distributions 
at BOEC 14 Using R-Z Model and Version III Cross-Sections 

Table V-7 summarizes unvoided Doppler coefficients totalled by reactor 
region over different temperature ranges computed by first order perturba
tion theory using the three pairs of real and adjoint fluxes (discussed in 
section V.C) for the unvoided reactor at fuel temperatures of 1100**K, 2 200*'K 
and 4400''K. Values of the total Doppler coefficient for the whole reactor, 
i.e. the core, axial blankets and radial blanket, over different temperature 
ranges computed by k-effective difference are also included in Table V-7. 
Cases 1 and 2 are Doppler coefficient calculations over the temperature range 
2200-4400''K by R-Z diffusion perturbation theory, considering the reactor 
to be initially at 2200°K and then to be heated to 4400*K during perturbation 
in case 1, and the reverse in case 2, i.e. considering the reactor to be 
initially at 4400''K and then to be cooled to 2200°K during perturbation. 
Case 3 which is the arithmetic mean of cases 1 and 2 represents a more accur
ate unvoided Doppler coefficient distribution over the temperature range 
2200-4400''K, and the total of the core and blankets in case 3 agrees more 
closely to the exact total in case 4 obtained by k-effective difference 
using Table V-3. Figures V-20, V-21, and V-22 show the axial distributions 
of the unvoided Doppler coefficient of case 3 at different typical locations 
in the core, axial blankets and the radial blanket. There is quite a signi
ficant amount of suppression of the Doppler coefficient due to the increased 
absorption by the control rods of neutrons in the resonance energy interval. 
Table V-5 shows the unvoided Doppler coefficient of case 3 by channel, and 
the total T(dk/dT)xl0'+ of all channels is -49.60 compared to -52.26 reported 
in the PSAR Table F6.2-5. Since the temperature range for that Doppler 
coefficient is not reported in the PSAR, this comparison may not be signi
ficant. 

Table V-7 case 5 gives the unvoided Doppler coefficient distribution 
obtained by R-Z diffusion perturbation theory considering the reactor to be 
initially at llOO'K and then to be heated to 2200°K during perturbation. 
Case 7 is obtained by normalizing case 5 to the total unvoided Doppler co
efficient over 1100-2200''K computed by k-effective difference, shown as case 
6. As shown by the comparison of cases 1 to 4, case 7 represents a more 
accurate unvoided Doppler coefficient distribution over 11002200°K than 
case 5. Case 8 is an average value over the temperature range 1100-4400'*K 
and has been obtained by k-effective difference using Table V-3. 
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Table V-8 summarizes voided Doppler coefficients totalled by reactor 
region over different temperature ranges in the same order as Table V-7 for 
unvoided Doppler coefficients. In the voided case, the core and blankets 
of the reactor were completely voided including the sodium in the intersub
assembly duct wall gap but excluding the control subassemblies. Figures V-23, 
V-24, and V-25 show the axial distributions of the voided Doppler coefficient 
over the temperature range 2200-4400''K given by case 3 of Table V-8, and the 
distribution by channel is given in Table V-5. The total T(dk/dT)xl0'* of 
all channels is -30.85 compared to -32.57 reported in the PSAR Table F6.2-5 
(temperature range not specified in the PSAR). Case 7 of Table V-8 gives 
the recommended values of the voided Doppler coefficient over the temperature 
range 1100-2200''K. 

E. Calculation of Steel Worth Distribution at BOEC 14 
Using R-Z Model and Version III Cross-Sections 

Table V-9 summarizes steel worth distributions totalled by reactor re
gion for the unvoided and core-and-blankets voided reactor at uniform fuel 
temperatures of 1100°K and 2200°K, computed by first order diffusion pertur
bation theory with linearized leakage component of reactivity using the real 
and adjoint flux pairs discussed in section V.C. Case 1 gives the worth of 
all the steel, including cladding, wrapper wires and the subassembly duct, 
in a normal reactor at a uniform fuel temperature of 1100°K, and case 2 is 
the same with the core, axial blankets and radial blanket completely voided 
including the sodium in the intersubassembly duct wall gap but with the con
trol subassemblies not voided. The difference between cases 1 and 2 is the 
net result of (a) increase in the leakage component of the steel worth due 
to reduced transport cross-sections of the voided reactor and (b) decrease 
in the magnitude of the capture component and an increase in the magnitude 
of the spectral component due to harder spectrum in the voided reactor. 
Figures V-26, V-27, and V-28 show the axial distributions of the steel worth 
obtained by averaging cases 1 and 2, at different typical locations in the 
core, axial blankets and the radial blanket. The axial distributions in 
subassemblies 1, 9, 14, and 68 which are adjacent to control rods show a 
wiggle at the tip of the control rods. The axial maxima of steel worth dis
tributions for PSAR channels 1 and 2 reported in the PSAR Fig. F6.2-20 are 
about 2.5% lower than those obtained by averaging cases 1 and 2 of the present 
calculation. Table V-5 shows the steel worth distributions of cases 1 and 
2 totalled by channel. The differences between the two cases are significant. 

The only difference between cases 3 and 4 of Table V-9 and cases 1 and 
2 is that the former two calculations were done at a uniform fuel tempera
ture of 2200''K compared to a fuel temperature of 1100°K used in the latter 
two calculations. Comparison of these four calculations shows that the 
effect of fuel temperature on steel worth distribution is smaller than the 
effect of sodium voiding. 
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F. Calculation of Core Fuel Worth Distribution at BOEC 14 
Using R-Z Model and Version III Cross-Sections 

Since at any time during an equilibrium cycle the composition of the 
core fuel varies along the length of the subassembly due to burnup, in the 
present calculations the reactivity worth distribution of the burnt fuel 
compositions in the central quarter core height about the midplane, i.e. the 
regions 26, 36, 46, and 56 of the R-Z model used for equilibrium cycle cal
culations shown in Fig. IV-1, was computed. The core fuel whose worth was 
calculated also differs from one subassembly to another, and in each subas
sembly the worth of the fuel composition in its own central quarter height 
was obtained. The worths of the axial or radial blanket fuels were not 
computed. The worth of the core fuel itself was obtained in the lower and 
upper axial blankets because in hypothetical core disruptive accidents only 
the core fuel may move and relocate during the initial phase of the accident 
which will be analyzed using these worth distributions. 

Table V-10 summarizes core fuel worth distributions totalled by reac
tor region for the normal and core-and-blankets voided reactor at uniform 
fuel temperatures of llOO'K and 2200''K, computed by first order diffusion 
perturbation theory with linearized leakage component of reactivity using 
the real and adjoint flux pairs discussed in section V-C. The totals in 
Table V-10 are worths of the central quarter core fuel whose volume equals 
the actual fuel volume in the region. Figures V-29 and V-30 show the axial 
distributions of the central quarter core fuel worth obtained by averaging 
cases 1 and 2, for a number of core subassemblies. The axial maxima of core 
fuel worth distributions for PSAR channels 1 and 2 reported in the PSAR 
Fig. F6.2-18 are 8% and 12% higher than those obtained by averaging cases 1 
and 2 of the present calculation. Table V-5 shows the core fuel worth 
distributions of cases 1 and 2 totalled by channel. The differences between 
the two cases are significant. 

The only difference between cases 3 and 4 of Table V-10 and cases 1 
and 2 is that the former two calculations were done at a uniform fuel temp
erature of 2200*'K compared to a fuel temperature of llOO'K used in the latter 
t\p calculations. Comparison of these four calculations shows that the 
effect of fuel temperature on core fuel worth distribution is smaller than 
the effect of sodium voiding. 
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VI. POWER DISTRIBUTION IN THE LWR-Pu-FUELED CLINCH RIVER 
BREEDER REACTOR AT THE END OF EQUILIBRIUM CYCLE 17 

Power distribution for the CRBR at End of Equilibrium Cycle (EOEC) con
ditions have been computed using the triangular mesh and R-Z models and the 
same procedure described previously in the discussion of the power distribu
tion for the beginning of an equilibrium cycle. The R-Z model used for 
EOEC 17 was the same as that used for BOEC 14 (given in Table V-1) except 
that the stage-homogenized fuel composition (obtained from the REBUS code) 
made up of equal amounts of the six burnup stages was used in the radial 
blanket. In the triangular mesh calculations EOEC 17 was chosen as it cor
responds most closely to the configuration considered in the PSAR. In the 
course of performing the triangular mesh calculations, it was discovered that 
the power split (between core and radial blanket) and power factors for the 
subassemblies in the outer row of the core and in the radial blanket agreed 
poorly with the values in the PSAR. There were indications that too little 
power was being generated in the outer row of the core and the inner row of 
the radial blanket. We determined that the use of one region in the radial 
blanket in the (unimproved) equilibrium cycle burnup calculation would under
estimate the buildup of plutonium in those radial blanket subassemblies that 
were not resident for the full six burnup cycles and would consequently 
underestimate the power generation in the radial blanket. Therefore, the 
bunrup calculation was redone with the radial blanket divided into six 
regions as described in section IV.C and with the shuffling scheme shown in 
Table II-2 simulated. Significant improvements resulted. 

Comparison of power splits between the radial blanket and the rest of 
the reactor are given in Table VI-1. It is seen that when subassembly com
positions were computed with six regions in the radial blanket (the improved 
calculation), there was a vast Improvement in the agreement with the PSAR 
with a difference of only 1% in the power generation in the radial blanket. 
Also included in the table are calculations made with the R-Z model with the 
ENDF/B-III and ENDF/B-IV cross section libraries. In the R-Z model, it was 
not feasible to use the compositions derived from the burnup calculations 
with six regions in the radial blanket because of storage limitations on the 
computer. Use of the ENDF/B-IV library resulted in a slight shift in the 
power distribution with approximately 2% more power being generated in the 
radial blanket. 

The subassembly power factors, subassembly peak-to-average power den
sity ratios and subassembly peak power factors for cases 1 and 2 of 
Table VI-1 are given in Figs. VI-1 through VI-6. It is seen for subassem
blies in the core that the use of the improved subassembly compositions 
significantly improved the agreement with the values given in Table 4.3-8 
of the PSAR as the root mean square deviation was reduced about 40%. With 
the improved power factors, the deviation from the PSAR values is less than 
1% for most subassemblies. However, our results yield values in the outer 
row of the core that are systematically lower than the values in the PSAR 
by an average of 2.5%. For the subassemblies in the radial blanket, the 
agreement is much poorer, with the discrepancy in power factors for most 
subassemblies being between 10% and 30%. The use of the Improved subassembly 
compositions did not make a significant improvement except in the outer row 
of the radial blanket. It is difficult to explain these large discrepancies 
except that it appears that the power factors given in Table 4.3-8 of the 



24 

PSAR for radial blanket subassemblies resulted from a non-standard fuel 
burnup pattern. 

Axial distributions of power in the core and axial blankets for some 
typical subassemblies, calculated using the R-Z model and the Version III 
crosssectlon set (case 3 of Table VI-1) are shown in Figs. VI-7 to VI-9. 
Some typical axial power distributions in the radial blanket are given in 
Fig. V-7. 
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VII. CALCULATION OF REACTIVITY COEFFICIENTS FOR THE LWR-Pu-FUELED 
CLINCH RIVER BREEDER REACTOR AT THE END OF AN EQUILIBRIUM CYCLE (EOEC) 

USING R-Z MODEL AND TWO CROSS SECTION LIBRARIES 

A. Methods and Cross Sections 

Distributions of sodium void, steel, Doppler and core fuel reactivities 
have been computed using first-order diffusion perturbation theory in the 
R-Z model discussed in section VI and have been processed by channel and 
axial slice for input to the accident analysis code, SAS-3A. Subassembly 
compositions were obtained from the burnup calculation in which there was 
one region in the radial blanket. The calculations were originally run with 
the 27-group cross section library based on ENDF/B-III data used in the BOL 
and BOEC calculations. A new cross section library based on ENDF/B-IV data 
(Version IV cross section set 2) and incorporating the refinements in the mod
el afforded by the additional capabilities in the MC^-2 code was also created. 
These refinements are the elimination of the narrow resonance approximation 
at low energies, temperature dependence of resonance absorption in structural 
materials and temperature dependence of resonance scattering. A detailed 
description of the procedure used to generate the new library is given in 
Appendix A. To assess the effect of the newer data and the refinements in 
the model on the reactivity coefficients, they were recomputed using the 
ENDF/B-IV library. 

For calculating the reactivity coefficients, real and adjoint flux dis
tributions were computed using two-dimensional diffusion theory for uniform 
fuel temperatures of 1100, 2200, and 4400*'K with sodium present and with 
sodium voided in the core, axial blankets and radial blanket except for the 
control rods. In the ENDF/B-III library, the resonant isotopes, i.e. the 
isotopes with temperature-dependent cross-sections, are '̂̂ Ŝm, ̂ ^^U, "^U, 
238u, 237NP, 238pu^ 239pu^ a^Op^^ 2<.lp̂ ^ 242pu^ 2mA„j^ 243^^, and 2't'+cm. 

The ENDF/B-IV library has five additional resonant isotopes: Cr, Fe, Ni, ̂ ^MN, 
and Mo. In the generation of the fluxes with the ENDF/B-IV library, the 
temperature of steel was taken to be that of the fuel. 

These two-dimensional, R-Z model, real and adjoint fluxes were used in 
first-order perturbation theory computations of the reactivity coefficients. 
Distributions of sodium void reactivity were obtained by voiding all of sodium 
(except for the control rods) and by replacing isotopes whose cross-sections 
were derived with sodium present in the coolant channels by isotopes whose 
cross sections were derived with sodium voided from these channels. The 
sodium void perturbations were made with the fuel at llOO'K using the fluxes 
computed with sodium present. Distributions of steel worth were obtained 
from perturbations in which the steel concentration was totally removed. 
Four cases were considered. For sodium either present or voided, the fuel 
was either at 1100, or at 2200 with the steel at 1100°K. These calculations 
were done with both ENDF/B-III cross-sections and the Version IV cross-
section set 2. Additional cases were run with the ENDF/B-IV library with 
both the fuel and the steel at 2200°K. The distribution of Doppler reactiv
ities were obtained from perturbations in which the temperature of the fuel 
was doubled from a base temperature of either 1100 or 2200'*K. Doppler 
coefficients were also calculated for fluxes derived for 4400*'K and a tem
perature change from 2200 to 4400*'K. Additional cases were run with the 
Version-IV cross-section set 2 in which the temperature of steel was also 
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doubled. The distribution of core fuel reactivity was obtained from pertur
bations in which the fuel composition at the midplane of the core was added 
to all regions in the core and the axial blankets except the control rods. 
These core fuel worths were calculated for the same cases as were the steel 
removal worths. The results of these calculations are summarized in 
Tables VII-1 through VII-5, where the reactivity coefficients have been 
integrated over the regions inner core, outer core, lower axial blanket, 
upper axial blanket, and radial blanket. 

Note that all sodium is voided from the core in these calculations 
except from control rods. In some accident situations it is more appropriate 
to assume that the sodium between the subassembly cans is not voided. In 
this case the sodium void worth given here and the difference of the Doppler 
coefficient between the unvoided and voided states would be divided by 
approximately 1.22. 

B. Sodium Void Reactivity 

Table VII-1 gives the results of the sodium void worth calculations. 
Axial distributions of sodium void worth for EOEC 17 calculated with ENDF/ 
B-III cross-section at llOO'K (case 1 of Table VII-1) are given in 
Figs VII-1 and VII-2. Comparisons of void worths calculated with ENDF/B-III 
cross sections between BOEC 14 (case 1 of Table V-6) and EOEC 17 (case 1 of 
Table VII-1) are given in Figs. VII-3 and V-19. From Table VII-1 it is seen 
that the computed sodium void worth is quite sensitive to the basic cross-
section data. A change from the ENDF/B-III library to the ENDF/B-IV library 
resulted in an increase of about 14% for the inner core region. In the in
ner core, the net scattering, or spectrum, term provides the major contrib
ution to the sodium void reactivity worth. An analysis of the reactivity 
components for two subassemblies in the inner core, indicates that the cal
culated differences in the sodium void worths arises primarily from differ
ences in the net scattering reactivity term. The results of this analysis 
are summarized in Table VII-6. In this table, we have tabulated the contri
butions to the difference in sodium void reactivity arising from the change 
in the cross section library and we have normalized the total difference to 
100. From the table it is seen that the contribution from the other terms 
for all cases is relatively small. 

A partial comparison of the calculation of the sodium void reactivity 
worth distribution, made with the ENDF/B-lII library, with the results given 
in Appendix F of the PSAR has been made. In Table VII-7, the peak sodium 
void reactivity by channel for the PSAR channel selection is given. From 
the table it is seen that except for channel 9 our computation yields peak 
sodium voiding reactivities that are larger than those in Appendix F. For 
channels 1 through 9, our peak values average 8% greater than those in 
Appendix F. 

A study was made to determine where the difference in the sodium void 
worth associated with changing from ENDF/B-III to ENDF/B-IV cross sections 
arises. As discussed previously, we know that the net scattering term is 
the main one affected. Now we want to know what isotopes are responsible 
for the changes. Since the net scattering term is very sensitive to changes 
in the real and the adjoint flux spectra, the indirect effect of the changes 
in cross sections upon the flux spectra as well as the direct effect of the 
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changes in cross sections in the perturbation theory equation for reactivi
ty should be considered. We used a one-dimensional representation in which 
only the radial configuration of the R-Z model discussed in section VI was 
mocked up. In the reference diffusion theory and perturbation theory cal
culations, ENDF/B-III cross sections were assigned to all Isotopes in all 
regions of the reactor. The diffusion and the perturbation calculations 
were redone with ENDF/B-IV cross sections substituted for ENDF/B-III cross 
sections for a specified isotope in the inner core. The difference between 
this perturbation theory reactivity and that in the reference problem is 
attributable to differences between ENDF/B-III and ENDF/B-IV cross sections 
for the specified isotope. 

The results of this study for thirteen isotopes are summarized in 
Table VII-8. Because the model was one-dimensional, the core explicitly 
extended to the extrapolated height of the reactor. Since there are large 
flux gradients near the top and bottom of the reactor, beyond the actual 
location of the core, the contribution to reactivity from transverse leakage 
is grossly exaggerated. Therefore, the leakage component of reactivity was 
omitted from the values in the table. Earlier calculations of the contri
butions to the sodium void worth by component shown in Table VII-6 indicate 
that the leakage component accounts for about 10% of the discrepancy. From 
Table VII-8, it can be seen that the discrepancy arises predominantly from 
differences between ENDF/B-III and ENDF/B-IV cross sections for ^^^\J, 239pu^ 
and 2'+0p̂ j, 

C. Unvoided and Voided Doppler Coefficient 

The results of the Doppler reactivity worth calculations are given, in 
terms of the Doppler coefficient (or constant) a for an assumed inverse 
temperature dependence, in Tables VII-2 and VII-3. Axial distributions of 
Doppler coefficients calculated with ENDF/B-III cross section, cases 7 of 
Tables VII-2 and VII-3, are given in Figs. VII-4 to VII-7 for EOEC 17, with 
comparisons between BOEC 14 and EOEC 17 given in Figs. VII-8, VII-9, V-22 
and V-25. The Doppler coefficient is quite sensitive to the presence or 
absence of sodium, with the voided Doppler coefficients some 35 to 40% lower 
than the unvoided Doppler coefficients. There were slight increases in the 
fuel Doppler coefficients when computed with the ENDF/B-IV cross-section 
set 2. When the Doppler effect of the constituents of steel is included in 
the calculations, the Doppler coefficients are augmented by about 10%. It 
is doubtful, however, that heat can be transferred to the cladding rapidly 
enough for the Doppler effect of steel to fully contribute this 10% bonus 
in transient conditions. 

For both unvoided and voided conditions, the Doppler constant, Tdk/dT 
exhibited a dependence on the temperature range covered. This constant was 
smaller for the temperature range from 2200 to 4400''K than for the range from 
1100 to 2200**K, indicating that the assumption of an inverse temperature 
dependence underestimates the decrease in the Doppler effect with temperature. 
For the purpose of studying the deviation from the inverse temperature depend
ence, the following more general temperature dependence was assumed: 



28 

7i = -'-' • <^> 

where a and y were obtained from least-square fit of the multiplication con
stants of the reactor at several temperatures as obtained from diffusion 
theory calculations. These parameters were computed both for the unvoided 
and voided systems using the multiplication constants at 1100, 2200, and 
4400°K as obtained using the ENDF/B-III library. As cross sections for the 
unvoided system at 6600°K were available, the fit for the unvoided system 
was recalculated using the multiplication constant at 6600°K as the fourth 
data point. 

The results are shown in Table VII-9. The y's are greater than unity 
which indicates that the inverse temperature correlation well underestimates 
the rate of reduction of the Doppler effect with temperature. That y is 
greater for the voided system than for the unvoided system could be expected. 
The flux distribution is harder in the voided system so that the Doppler 
Increase in cross sections at higher energies is more important for the 
voided system than for the unvoided system. Since the Doppler increase in 
cross sections saturates sooner at higher energies than at lower energies, 
the rate of reduction in the Doppler effect should be larger for the voided 
system than for the unvoided system. The fit for a and y did not change 
significantly when the fourth temperature point was used; this indicates 
that there will not be great error in extrapolations to higher temperatures. 
For example, when Eq. (1) was integrated to predict k at 6600''K from the y 
and a obtained with three temperature points, the resulting k differed from 
that obtained in a direct calculation by only 0.002%. 

Tables VII-10 and VII-11 compare the Doppler coefficients computed in 
this work with those given in Appendix F of the PSAR for the various reactor 
regions and for the PSAR channel selection. Our Doppler coefficients in 
these tables were computed using first-order perturbation theory for the 
temperature range 2200 to 4400°K and the ENDF/B-III cross section library. 
The values in these tables are the averages of the coefficients computed 
with real and adjoint fluxes for the fuel at 2200''K and for the fuel at 
4400°K. For the Doppler coefficient summed over channel, our computations 
yield results that are 9.3% lower for both the unvoided and voided situations, 
The discrepancies by channel are not uniform; for the channels near the cen
ter of the reactor, channels 1-4, the agreement is significantly better than 
for the outer channels. 

D. Steel Worth 

The results of the steel worth calculations are given in Table VII-4. 
From the table the following information can be discerned. The steel worths 
are only weakly dependent upon fuel and steel temperatures but have a strong
er dependence upon the presence or absence of sodium. When fluxes derived 
for sodium voided system were used, the steel worth totalled over core and 
blankets was reduced by about 20% with the inner core value reducing only 4 
to 5%. These should be more appropriate because steel melting would occur 
only after sodium voiding. Use of the ENDF/B-IV cross-section set 2 yielded 
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steel worths that were 5-8% larger than those computed with the ENDF/B-III 
cross sections. For those cases where the fuel was at 2200*'K, there was an 
Increase of only 1% in the steel worth when steel cross sections derived for 
2200''K rather than 1100°K were used. 

As for the sodium void worth distribution, the peak steel worths by PSAR 
channel are compared with the values given in Appendix F of the PSAR in 
Table VII-7. Here the agreement is quite good with discrepancies of less 
than 8% for all channels except chjinnel 9. 

Axial distributions of steel worth obtained by using ENDF/B-III cross 
sections and averaging cases 1 and 3 of Table VII-4 are given in Figs. VII-10 
and VII-11 for EOEC 17, with comparisons of steel worths obtained by this 
method between BOEC 14 and EOEC 17 given in Figs. VII-12 and V-28. 

E. Core Fuel Worth 

The results of the core fuel reactivity worth calculations are summar
ized in Table VII-5. Axial distributions of core fuel worth calculated by 
using ENDF/B-III cross-section and averaging cases 1 and 3 of Table VII-5 
are given in Figs. VII-13 and VII-14 for EOEC 17, with comparisons of core 
fuel worths obtained by this method between BOEC 14 and EOEC 17 given in 
Fig. VII-15. The fuel worths were insensitive to the cross section library 
used and they increased only slightly with temperature. However, they did 
increase by about 8% in going from an unvoided system to a voided system. 
The peak core fuel worths by PSAR channel are compared with the values given 
in Appendix F of the PSAR in Table VII-7. Our values are some 10 to 20% 
lower than those given in Appendix F. In view of the general insensitlvity 
of core fuel worth to cross section library, temperature, and sodium content 
better agreement with the PSAR values was expected. 
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VIII. COMPARISON OF R-Z GEOMETRY AND TRIANGULAR MESH CALCULATIONS 
OF REACTIVITY COEFFICIENTS USING ENDF/B-III CROSS SECTIONS 

A. Reactivity Coefficients at BOEC 14 

Distribution of power and distributions of sodium void, unvoided and 
voided Doppler, fuel, and steel reactivities are computed using the R-Z model 
and are then processed by channel and axial segment into a format suitable 
for input to the accident analysis code, SAS-3A. To gain an Insight into 
the uncertainties in these quantities, their sensitivity to the geometric 
representation of the reactor has been studied. Reactivity coefficients were 
computed for the same R-Z and triangular mesh representations of CRBR for 
which the power distributions were computed at BOEC 14. These two-
dimensional perturbation calculations, for which the ENDF/B-III cross section 
library was used, were for the unvoided system at a uniform fuel temperature 
of llOO^K. The results, by channel, of this comparison are given in 
Table VIII-1. This comparison is not completely satisfactory because of the 
use of an extrapolated core height and fully inserted rods (with reduced ab
sorber concentration) in the case of the triangular mesh, but should indicate 
the approximate size of the errors in the R-Z calculations. From the table, 
it can be seen that the comparison is excellent for the core fuel reactivity 
worth and is generally good for the Doppler worth. For the steel removal 
worth, the agreement was somewhat poorer, with the triangular-mesh results 
smaller for all channels. For the sodium void worth, there were significant 
discrepancies for most channels with the triangular mesh results being 
systematically smaller. 

The sodium void worth comparison was studied further by decomposing the 
total reactivity into five components (radial leakage, axial leakage, absorp
tion, fission source, and net scattering) and by looking at how the geometric 
representation affected these components. The results are given in 
Table VIII-2 with the normalization that for each channel the total reacti
vity computed with the R-Z model was taken as 100. The sodium void pertur
bation was defined by removing sodium and replacing unvoided isotopic cross 
sections by voided isotopic cross sections; hence there was a small fission 
source component. 

From Table VIII-2 one can see that the radial leakage term, having the 
largest relative differences near the center of the core, is most sensitive 
to the geometric representation. However, near the center of the core, the 
spectrum effect dominates so that differences in the net scattering term 
account for much of the discrepancies. As one moves outward, both the radi
al and the axial leakage terms become sensitive to the geometric representa
tion and gradients in the fluxes become more important relative to fluxes 
and the leakage terms begin to approach the net scattering term in magnitude. 
For such a situation, where the net effect is the difference between several 
large terms, small errors in the individual terms will lead to large uncer
tainties in the net effect. In giving the results by channel, a partial 
averaging over somewhat larger discrepancies per subassembly has been made. 
However, since the reactivity coefficients are input to the accident analy
sis code by channel, it is felt that this is the proper level of aggregation 
to study the geometric effect. 
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For BOEC conditions, control rods are partly inserted and this makes 
the configuration fully three-dimensional. This study indicates that attempts 
to represent a fully three-dimensional configuration in two dimensions will 
introduce significant uncertainties in the calculation of the distribution 
of sodium void reactivity. It also Indicates that two-dimensional represen
tations are adequate for the calculation of reactivity worths dominated by 
absorptive reactions, such as the Doppler worth and the fuel worth. 

B. Reactivity Coefficients at EOEC 17 

Distributions of sodium void, Doppler, fuel and steel reactivities 
computed using the two-dimensional triangular-mesh and the R-Z models have 
been compared also for EOEC 17 conditions. Here the control rods are with
drawn from the core so that it is meaningful to make the comparison for a 
specified axial height centered about the midplane of the reactor core. For 
these comparisons, the four reactivity coefficients were computed using the 
ENDF/B-III cross section library for the reactor at a uniform fuel tempera
ture of llOO'K with normal sodium and with sodium voided. 

The results of these comparisons for the unvoided and voided cases are 
given in Tables VIII-3 and VIII-4 respectively. As for the BOEC 14 case, 
there was excellent agreement for the Doppler and fuel worths. For these 
reactivity coefficients, the discrepancies for individual subassemblies 
appeared to be random rather than systematic. For the steel removal and 
sodium void worths, the discrepancies were somewhat larger and the triangular-
mesh results were systematically smaller. It should be noted, however, that 
the discrepancies in the steel removal and the sodium void worths were signif
icantly smaller than those obtained for the BOEC 14 condition. Comparison 
of Tables VIII-3 and VIII-4 shows that the spectrum changes associated with 
voiding of sodium do not alter the character of the results. The agreements 
for the EOEC 17 case would have been even better if the only difference had 
been the geometric representation. The tri£ingular-mesh calculations used 
subassembly compositions obtained from the Improved burnup calculations in 
which there were (radially) six regions in the radial blanket whereas the 
R-Z calculations, because of limitations on computer storage capacity, used 
subassembly compositions obtained from the burnup calculations with 
(radially) one region in the radial blanket. 

For the EOEC 17 case, the major difference between the triangular-mesh 
and the R-Z configuration was the representation of hexagonal subassemblies 
as annuli. For the BOEC 14 case, there were the additional differences 
associated with representing partly Inserted hexagonal control rods in two 
dimensions (see the discussion of the power distribution at BOEC 14). 
Comparison of EOEC 17 and BOEC 14 results indicates that difficulties in 
representing partly inserted control rods in two dimensions contributes more 
to the discrepancies In reactivity coefficients between triangular-mesh and 
R-Z calculations than does the annularizatlon of hexagonal subassemblies. 
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IX. EVALUATION OF ERRORS AND UNCERTAINTIES IN REACTIVITY COEFFICIENT 
CALCULATIONS BECAUSE OF CROSS SECTIONS AND GEOMETRIC REPRESENTATION 

A. Cross S e c t i o n s 

1. Sodium Void Worth 

The comparison of sodium void worths as calculated by ENDF/B-III and 
IV data gives an idea of the uncertainty in this quantity because of cross 
sections. The increase found in the inner core value only because of the 
cross section change from Version III to IV at BOL is 12.6% according to 
Table II-4, with another 7.2% added if the more accurate resonance energy-
interval calculation is used in HC^-l, presumably a more accurate result. 
Comparison with critical experiments^^ has indicated that Version IV with
out this correction gives a C/E ratio that averages to about 1.20 over the 
core of a CRBR mockup. If, as Bohn et al^^ contend, this discrepancy is due 
to cross section error and not to an error in the reactivity scale, then the 
more accurate Version IV calculation yields values of the sodium void worth 
that are too positive by about 27%. However, the fact that C/E of the net 
sodium void worth is fairly consistent for various ratios of spectral to 
leakage component (corrected for neutron streaming by use of Benolst diffu
sion coefficients) suggests that at least part of the discrepancy results 
from an error in the reactivity scale, although it has been difficult to 
justify further reductions in delayed neutron parameters thjui that already 
given by the Version IV parameters. The C/E value for 2 39py central worth 
with Version IV is 1.13. If there is assumed to be a corresponding error 
in the reactivity scale, the transport-theory-corrected Version IV central 
sodium void worth would still be 14% too positive, so that it can be regarded 
as an extreme upper limit. A reasonable lower limit would correspond to 
agreement with the critical experiments; i.e. 27% lower than the corrected 
Version IV result. 

2. Doppler Coefficient 

A modest increase of about 5% was found in the Doppler coefficient in 
the core in going from Version III to IV for a temperature change from 1100 
to 2200''K, for either the unvoided or the voided case according to Tables II-8, 
VII-2, and VII-3. This difference decreases at higher temperatures, indic
ating slightly larger values for the exponent y for Version IV than those 
given in Table VII-9 based on the results with Version III data. Evaluation 
of the variation of the Doppler coefficient with temperature is a significant 
source of uncertainty in application of critical experiment results in acci
dent analysis, where fuel temperatures in the neighborhood of SOOO'K may be 
of interest. The exponent y has an effective calculated value in the neigh
borhood of 1.0 for 2 38u ĵjj ̂jjg energy range of interest for fast reactor 
operation,^^ which is the reason the Doppler coefficient is usually quoted 
in terms of the "Doppler constant" -Tdk/dT. An exponent of 1.0 ± 0.2 was 
found to be consistent with the SEFOR experiments on mixed PUO2-UO2 fuel, 
which extended to about 1300°K.^^ At higher energies the temperature expon
ent of the Doppler coefficient for ^38^ increases asymptotically to -3/2 in 
the absence of resonance self-overlap effects, so that hardening the spectrum 
increases the magnitude of the exponent. At higher temperatures 
(>1000"'K-2000"'K), and at energies above several keV, self-overlap in 2 38u 
has an important effect on Y- ^ Since this is in the unresolved resonance 
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region there is some uncertainty in calculating the self-overlap effect 
because of uncertainty in the distribution of resonance spacings,2° which 
does not appear serious. With the presence of ̂ 38^ self-overlap, y for ^38^ 
is in the range 1.3-1.6 for temperatures 2000°K-4000''K and energies above 5 
keV, which appears to be the reason that y in Table VII-9 was found to be 
1.12 for the CRBR for the unvoided case and 1.17 for a voided core. A still 
higher value of y would be expected in the absence of steel; the Doppler 
coefficient itself would also in this case be smaller because of the reduc
tion in low energy flux. Note that y is not truly constant; Malloy and Ott^^ 
have suggested that a more satisfactory fit is obtained by the assumption 

dP/dT = 3/2 
T + BT 

Another source of uncertainty in evaluating y is the contribution to 
the Doppler coefficient of fissile material, the calculation of which is 
rather uncertain because it depends on unresolved resonance parameters. 
Typically the fissile contribution is calculated to be positive and about 
10% of the negative fertile material contribution. If the effective value 
of y for fissile material is about 1.5^^'20 and if the actual Doppler 
coefficient of fissile material is essentially zero, as critical experiments 
suggest,22 then calculated values of y for the mixture would be too small 
by about 0.05, which would cause only a few percent error in extrapolating 
critical experiment measurements to high temperatures. For the LWR-Pu-fueled 
CRBR at BOL, 2 39py contribution was computed to be 2% positive. This sug
gests that the fissile material contribution should not cause a serious error 
in computing y. The overall error in this extrapolation is difficult to 
estimate without sensitivity studies but probably does not exceed 10%. 

Comparison between critical experiments22 and SEFOR results and calcula
tions indicate that uncertainty in calculation of the Doppler coefficient 
in the range of the experiments is ±10 to ±15%. The question of the reactivity 
scale enters here also. Normalization of ZPPR 2 38^ Doppler coefficient 
results to central 2 39pu ̂ orth gives C/E from 0.85 to 0.90 with ENDF/B-III 

1 0 0 

data, whereas without such normalization C/E is between 1.04 and 1.08.'''̂  
It appears from the available information that assumption of a maximum error 
of ±20% in the calculated Doppler coefficient using ENDF/B-IV data would be 
sufficiently conservative for accident calculations. 

3. Steel Worth 

As with sodium worth, steel worth was found to be slightly larger with 
ENDF/B-IV data than with ENDF/B-III data. It was concluded from comparison 
with critical experiments that there is perhaps a 20% uncertainty in steel 
worth calculations',22 which is acceptable considering the great uncertainty 
in calculation of the motion of molten steel in a reactor accident. 

4. Fuel Worth 

There was practically no change in calculated fuel worth given in 
Table VII-5 in going from Version III data to Version IV data. Bohn et al^^ 
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found a 7% reduction in C/E for 2 39py central worth and an 11% reduction in 
C/E for 2 38^ (2 38^ central worth is negative), so that there was some compen
sation between these changes. Five percent of the reduction was due in each 
case to a change in delayed neutron parameters. C/E for 2 39py with ENDF/B-IV 
data is still 1.13 ^^ which may be the result of cross section errors as 
suggested in Ref. 16 or of a reactivity scale error or both. In any case 
the possible errors in fuel worth calculations fi:om cross section errors seem 
to be unimportant compared to the uncertainty in calculating fuel motion. 

B. Geometrical Effects 

1. Sodium Void Worth 

The work in Section VIII indicates that the errors in the R-Z model 
compared to the triangular mesh model for the EOEC state, in which the con
trol rods are withdrawn, are locally of the ojfder of 10 to 20%. If a 2-D 
triangular mesh model is used for the BOEC state, greater discrepancies (of 
the order of 20 to 40%) in local sodium void worth are likely to be encoun
tered because of the axial symmetry assumed in the 2-D triangular mesh cal
culation besides the Inadequate geometrical Diodeling in the radial direction 
of the R-Z model. The most serious errors are in calculation of the leakage 
component. A triangular mesh model is much to be preferred if it is feasible 
to use it. 

Analysis of critical assemblies has shown that the presence of control 
rods or channels causes a spread of ±6% in C/E values for sodium voiding 
when an X-Y model appropriate for the experiments is used in the calcula
tions,22 indicating that the effect of these perturbations is being des
cribed reasonably well with this model. The same would presumably be true 
of a triangular mesh for power reactor calculations. 

2. Doppler Coefficient 

Local errors in the Doppler coefficient with an R-Z model are relatively 
less than for the total sodium void effect, being a maximum of about 5% for 
the EOEC state according to Table VIII-3. The discrepancies for the BOEC 
state are generally 10 to 20% according to the results in Table VIII-1 
because of the same two reasons of section IX.B-1. This is still undesir
ably large, and use of triangular mesh models for these calculations is to 
be preferred if feasible. Comparison of calculations with Doppler effect 
experiments2'* in a mockup of an X-Y model of the CRBR indicated discrepancies 
of 10% or less in accounting for local perturbations from control rods and 
sodium-filled channels. Similar errors would presumably be encountered in 
power reactor calculations of control-rod effects on the local Doppler 
coefficient. 

3. Steel Worth 

As in the case of the sodium void worth, rather substantial local errors 
occur in steel worth calculations using an R-Z model according to the results 
in Tables VIII-1, VIII-3 and VIII-4, and triangular mesh calculations are 
desirable. Because of uncertainty in the motion of molten steel in an acci
dent analysis, however, even errors this large may not be too significant 
for the available methods of accident analysis. 
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4, Fuel Worth 

The R-Z model is adequate for calculating fuel worths in an undistorted 
core. The problem of greatest Interest in this case is to account properly 
for flux distortion and streaming effects when large masses of fuel are 
moved. The analysis of ZPPR-5 and ZEBRA experiments Indicated that trans
port theory could adequately account for such situations.22 However, there 
is a question about whether streaming effects due to void regions which are 
neither interior to the core nor well-reflected, can be properly described 
with current techniques.2^ 



36 

APPENDIX A 
CROSS SECTION LIBRARIES USED IN THE CLINCH RIVER BREEDER REACTOR ANALYSIS 

The computation presented in this report was performed with four broad 
group cross section libraries: a 27-group library of ANL-27 energy structure 
based on ENDF/B-III data, a 9-group library of WARD-9 energy structure based 
on ENDF/B-III data, a 27-group library of ANL-27 energy structure based on 
ENDF/B-IV data (Version IV cross-section set 1), and another 27-group library 
of ANL-27 energy structure generated from ENDF/B-IV data using a more accu
rate resonance energy-interval calculation (Version IV cross-section set 2). 
These energy structures are given in Table A.l. Each library except the last 
one was generated based on the narrow resonance approximation using the MC -2 
and SDX codes; however, the Version IV cross-section set 2 used a more refined 
model based on the integral transport theory calculation of resonance absorp
tion in Mc2-2 that was not available when the other libraries were constructed. 
The two models that were used to generate the libraries are described below. 

Model Used to Construct All the Libraries 
Except Version IV Cross-Section Set 2 

212-group base cross section sets with the USS212 energy structure, the 
standard group structure adopted by CSEWG, were generated using Mc2-2 Code^ 
for sodium unvoided and for voided conditions. The inner core composition 
of the LWR-Pu-fueled CRBR at BOL was assumed for the mixture from which the 
spectrum is determined. All Isotopes were assumed to be at 1100°K and those 
not actually present in the inner core at BOL were taken to be infinitely 
dilute. In this way, 212-group cross sections were obtained for the following 
33 isotopes: 

238pu, 239pu^ 2ifOpû  2Ulp̂ ,̂  242p 235u, 238u, IGQ, Pe, Cr, Ni, Mo, 
"Mn, 23Na, ^^B, ̂ ^B, 12c, Z^AI. ^^He, l^^cs, l-9sm, ^^Hin, 
U5FP1, U5FP2, U5FP3, P9FP1, P9FP2, P9FP3, 236u, 237jgp̂  2itl^^ 
2'»3Am and 2'*'»Cm. 

Resonance scattering contributions were included in the base cross section 
set; however, for those isotopes (238pu, 239py ^'*^Pxi, 2'+lpu, 2'*2pŷ  238u^ 
235u, l-̂ Ssm, 236^, 237Np, 2'*!^^^ 243^^^ ^^^ 2-'̂ Cm) with separate resonance 
data files in the MC -2 library, fission and capture resonance contributions 
were excluded. 

Reglonwlse (inner core, outer core, radial blanket and radial reflector) 
spatially-averaged broad group cross sections for a given temperature and 
sodium condition were obtained from SDX Code** used in the following way. 
Heterogeneous resonance cross sections for fission and capture, based on the 
narrow resonance approximation, were computed for unit cells (radii are given 
in Table A.2) for the inner core, outer core, and radial blanket regions and 
were added to the 212-group cross sections of those isotopes with resonance 
files (238pu, 239p^ 2fOp^, 241p^ 242p^ 235u 236u 238^ 2UAJ„ 2-3^^ 
149c 2 3 7 M 2440 \ i. 

S">. l̂ P. Cm). Then unit cell homogenizations were performed using 
the perturbation method of Storrer.26 Finally a 212-group, one-dimensional 
neutronlcs calculation was performed to generate flux for the four-region 
configuration given in Table A.3. The broad group cross sections were ob
tained by collapsing the base set cross sections over this flux. Broad group 
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radial reflector cross sections were also obtained by collapsing the base set 
cross sections over the flux In the radial reflector region. The resulting 
cross-section datasets (having the same group structure and based on the same 
version of the basic data) for sodium unvoided and voided conditions and for 
different fuel temperatures were merged into one library. 

Model Used to Construct ENDF/B-IV Cross-Section Set 2 

The implementation of the integral transport theory treatment of reson
ance absorption in MC -2 permitted several refinements in the computation of 
cross-sections. At energies below several hundred electron-volts, where the 
narrow resonance approximation is of dubious validity, use of integral trans
port theory should yield more accurate cross sections. Also, the constituents 
of stainless steel have non-narrow resonances in the energy range 1-60 keV 
for which there is non-trivial Doppler broadening. Thus the use of Integral 
transport theory makes it possible to compute the Doppler effect of structural 
materials. In generating this library, cross sections of the principal reson
ant materials (235pu, 24CJp̂ ^ 241p^^ 23Su, 238u, Fe, Cr, Nl, Mo, ̂ ^Mn) were 
computed with use of integral transport theory. As it was required to run 
MC -2 with materials at several temperatures, temperature dependent resonance 
scattering cross sections were also computed. 

Our cross section generation codes required that the following procedure 
be used to construct space-dependent, broad group cross sections based on 
integral transport theory. For a given region of the reactor (inner core, 
outer core or radial blanket) at a given temperature (1100, 2200 or 4400*'K) 
and sodium condition, two MC -2 problems are run. The first problem is a 
full heterogeneous run from which the heterogeneous unresolved cross section 
file and the output dataset with 212-group homogeneous cross sections are 
saved. The second MC -2 problem performs only the integral transport theory 
calculation and creates a data file with integral transport theory computed 
resolved resonance cross-sections (for each region in the unit cell and cell-
averaged) including contributions from the unresolved energy range computed 
in the first MC -2 run. Because we wanted to include the structural materials, 
the integral transport calculations extended up to 52.5 keV. Next a second 
212-group cross section set is created in which the homogeneous cross sections 
of the original set are replaced with the integral transport theory computed 
cross-sections for capture, fission and nu-flssion. The three-region unit 
cells for the three reactor regions are described in Table A.2. Then for a 
specified temperature and sodium condition, the modified 212-group cross 
section sets for the three reactor regions are combined into a single dataset 
which is used in an SDX problem that performs a neutronlcs calculation and 
spatially collapses the cross sections to the ANL-27 energy structure. 

Six such SDX problems were run (for 1100, 2200 and 4400°K with sodium 
either present or voided) and the resulting datasets were combined into a 
single ANL-27 library. To this library were added from ENDF/B-IV cross-
section set 1 cross sections for materials whose low concentration in CRBR 
did not warrant their receiving the elaborate Integral transport theory 
treatment. 
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Fig. II-2. R-Z Model of the Hot Full Power Clinch River Breeder Reactor at the Beginning of 
Life. CONO is a collection of spatially disconnected control regions frxDm which 
the control rod is out (sodium and steel 90.56 and 9.44 v/o). CONI, C0N3F and 
C0N3C are gions representing the central rod (two-thirds inserted), the six rods 
at flats (two-thirds inserted) and the other six rods at corners (completely 
withdrawn) of Row 7. ANL Neg. No. 116-77-695. 
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Fig. II-3. 

Axial Distribution of Power in 
the LWR-Grade Plutonium Fueled 
Clinch River Breeder Reactor 
Core at the Beginning of Life. 
ANL Neg. No. 116-77-608. 
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HEIGHT FROM LOWER AXIAL BLANKET BOTTOM . CM 
1 ^PORTION OP ROW 2 SUBAS3S ADUCENT TO THE CENTRAL CONTROL ROD ( 2 / 3 IN) 
2 .CENTRAL PORTION OF ROW 3 SUBASSS 
3 -PORTION OF ROW 4 SUBASSS ADUCENT TO WITHDRAWN RODS 
4 -CENTRAL PORTION OF ROW S SUBASSS 
5 -PORTION OF ROW 6 SUBASSS ADJACENT TO RODS AT FLATS OF ROW 7 ( 2 / 3 IN) 
e -PORTION OF ROW 7 SUBASSS ADJACENT TO RODS AT FLATS ( 2 / 3 IN) 
T -PORTION OF ROW 8 SUBASSS ADJACENT TO WITHDRAWN RODS AT C(5RNERS OF ROW 7 
8 -PORTION OF ROW • SUBASSS AOIACENT TO RAOUL BLANKET 

Fig. 11-4. 
Axial Distribution of Power in 
the LWR-Grade Plutonium Fueled 
Clinch River Breeder Reactor 
Lower Axial Blanket at the 
Beginning of Life. ANL Neg. No. 
116-77-613. 
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1 -PORTION OF ROW 2 SUBASSS ADJACENT TO THE CENTRAL CONTROL ROD ( 2 / 3 IN) 
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3 -PORnON OF ROW 4 SUBASSS ADJACENT TD WITHDRAWN RODS 
4 |<ENTRAL PORHON OF ROW S SUBASSS 
5 -PORTION OF ROW S SUBASSS ADJACENT TO ROOS AT FLATS OF ROW 7 ( 2 / 3 IN) 
S -PORnON OF ROW 7 SUBASSS ADJACENT TO RODS AT FUTS ( 2 / 3 IN) 
7 -PORnON OF ROW 6 SUBASSS ADJACENT TO WITHDRAWN RODS AT CORNERS OF ROW 7 
8 -PORTION o r ROW 9 SUBASSS ADJACENT TO RADIAL BUNKET 
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Fig. II-5. 

Axial Distribution of Power 
in the LWR-Grade Plutonium 
Fueled Clinch River Breeder 
Reactor Upper Axial Blan
ket at the Beginning of 
Life. ANL Neg. No. 116-77-
691. 
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Fig. I I - 6 . 
Axial D i s t r i b u t i o n of Power 
in the LWR-Grade Plutonium 
Fueled Clinch River Breeder 
Reactor Blanket a t the 
Beginning of L i fe - ANL Neg. 
No. 116-77-690. 
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Fig. II-7. 

Axial Distribution of Power 
in the LWR-Grade Plutonium 
Fueled Clinch River Breeder 
Reactor Core 6 Blankets at 
the Beginning of Life. ANL 
Neg. No. 116-77-591. 
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5 -PORTION OF ROW 8 S U B A S ^ ADJACENT TO RODS AT FLATS OF ROW 7 ( 2 / 3 IN) 
8 -PORTION OF ROW 7 SUBASSS ADJACENT TO ROOS AT FLATS [ 2 / 3 IN) 
7 -PORTION OF ROW 8 SUBASSS ADJACENT TO WITHORiWN RODS AT CORNERS OF ROW 7 
a -PORTION OF ROW 9 SUBASSS ADJACENT TO RADIAL BLANKET 
S -PORTION OF RADML BLANKET ADJACENT TO CORE 
10 -RADIAL B U N K E T UID-THICKNESS 
11 -RADIAL B U N K E T OUTER SURFXCE 

Fig. II-8. 

Radial Distribution of Power in 
the LWR-Grade Plutonium Fueled 
Clinch River Breeder Reactor 
Core & Blankets at the Begin
ning of Life. ANL Neg. No. 116-
77-639. 
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Fig. II-9. Subassembly Power Fac
tors for the LWR-Grade 
Plutonium Fueled Clinch 
River Breeder Reactor at 
the Beginning of Life . 
Neg. No. 116-77-637. 

Fig. 11-10. Subassembly Peak-To-
Average Power Density 
Ratios for the LWR-
Grade Plutonium Fueled 
Clinch River Breeder 
Reactor at the Beginning 
of Life. Neg. No 116-77-6f 

Fig. 11-11. Subassembly Peak Power 
Factors for the LWR-
Grade Plutonium Fueled 
Clinch River Breeder 
Reactor at the Beginning 
of Life. Neg. No. 116-77-
631. 
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Fig. 11-12. 

Comparison of Void Worth Distri
butions in Core Between Normal 
and Core-and-Blanket-Voided 
LWR-Pu-Fueled CRBR at the Be
ginning of Life. ANL Neg. No. 
116-77-605. 

1 -NORMAL REACTOR 
2 -NORUAL REACTOR 
3 -NORUAL REACTOR . 
4 -NORUAL REACTOR . 
5 -VOIDED REACTOR . 
8 -VOIDED REACTOR . 
7 -VMOED REACTOR , 
• -VOIDD REACTOR . 

CENTRAL PORTION OF ROW 2 SUBASSS 
CENTRAL PORTION OF ROW 4 SUBASSS 
CENTRAL PORTION OF ROW 6 SUBASSS 
CENTRAL PORTION OF ROW 8 SUBASSS 

RADIAL POSmON SAUE AS 1 
RADIAL POSmON SAUE AS 2 
RADIAL POSmON SAUE AS 3 
RADIAL POSITION SAUE AS 4 

Fig. 11-13. 

Comparison of Void Worth Distri
butions in Upper Blanket Between 
Noraml and Core-and-Blanket-
Voided LWR-Pu-Fueled CRBR at the 
Beginning of Life. ANL Neg. No. 
116-77-675. 
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RADIAL POSmON SAUE AS 3 
RADIAL POSmON SAUE AS 4 
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Fig. 11-14. 

Comparison of Void Worth 
Distributions in Radial 
Blanket Between Normal and 
Core-and Blanket-Voided 
LWR-Pu-Fueled CRBR at the 
Beginning of Life. ANL Neg. 
No. 116-77-589. 

-NORMAL REACTOR . 
-NORMAL REACTOR , 
-NORMAL REACTOR . 
- V O I D D REACTOR . 
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PORnON o r RADUL BLANKET ADJACDIT TO CORE 
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RADIAL BLANKET OUTBi SURDkCE 

RADIAL POSmON SAME AS I 
RADIAL POSmON SAME AS 2 
RADIAL POSmON SAME AS 3 

Fig. 11-15. 

Distribution of Sodium Void 
Worth in Core in the LWR-
Grade Plutonium Fueled 
Clinch River Breeder Reac
tor at the Beginning of 
Life. ANL Neg. No. 116-77-
590. 
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BLANKET BOTTOM . CM 

Fig. 11-16. 

Distribution of Sodium Void 
Worth in Lower Blanket in 
the LWR-Grade Plutonium 
Fueled Clinch River Breeder 
Reactor at the Beginning of 
Life. ANL Neg. No. 116-77-704, 
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Fig. 11-17. 

Distribution of Sodium 
Void Worth in Upper Blan
ket in the LWR-Grade Plu-
tonii™ Fueled Clinch River 
Breeder Reactor at the 
Beginning of Life. ANL Neg. 
No. 116-77-593. 
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Fig. 11-18. 

Distribution of Sodium Void 
Worth in Radial Blanket in 
the LWR-Grade Plutonium 
Fueled Clinch River Breeder 
Reactor at the Beginning of 
Life. ANL Neg. No. 116-77-
587. 

1 -PORTMN OP RADIAL BLANKET ADJACOTT TO CORE 
2 -RADIAL BLANKET MID-TNKKNESS 
3 -RADIAL BLANKET OUTER SURfXCE 

Fig. 11-19. 

Distribution of Sodium Void 
Worth in Core and Blankets 
in the LWR-Grade Plutonium 
Fueled Clinch River Breeder 
Reactor at the Beginning of 
Life. ANL Neg. No. 116-77-
588. 

1 -CENTRAL PORTION OF ROW 2 SUBASSS 
2 ^TNTRAL PORTION OF ROW 3 SUBASSS 
3 KXNTRAL PORTION OF ROW 4 SUBASSS 
4 .CENTRAL PORTION OF ROW S SUBASSS 
5 -CENTRAL PORTION OF ROW 8 SUBASSS 
8 MXNTRAL PORTION OF ROW 7 SUBASSS 
7 < I N T R A L PORTWN OF ROW 8 SUBASSS 
a ^ W T R A L PORTWN OP ROW • SUBASBS 
9 -PORnON o r RADIAL BLANKET ADIACBtT TO C O M 
10-RADIAL B U N K E T MID-THKKNCB 
II -RADIAL B U N K E T OUTER SURKCE 
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Fig. 11-20. 

Conparison of Doppler Coeffici
ents over 2200-4400K in Unvoided 
Core Computed from Fluxes at 
Both Temperatures for LWR-Pu-
Fueled CRBR at BOL. ANL Neg. No. 
116-77-657. 

X 0 4 0 0 9 0 0 8 0 0 7 0 0 8 0 0 9 0 0 100 0 110 0 
HEIGHT FROM LOWER AXIAL BLANKET BOTTOM , 

1 ^FLUXES AT 2200K . CENTRAL PORTION OF ROW 2 SUBASSS 
2 -FLUXES AT 2200K . CENTRAL PORTION OF ROW 4 SUBASSS 
3 >FUIXES AT 2200K . CENTRAL PORTION OF ROW 6 SUBASSS 
4 -FLUXES AT Z200K . CENTRAL PORTION OF ROW 8 SUBASN 
5 -FLUXES AT 4400K . RADUL POSITION SAUE AS 1 
8 -FLUXES AT 4400K . RAOUL POSITION SAUE AS 2 
7 -FLUXES AT 44aOK . RAOUL POSmON SAUE AS 3 
8 -FLUXES! AT 440aK . RAOUL POSmON SAUE AS 4 

120 0 

CM 

Fig . 11 -21 . 

Comparison of Doppler Coeffici
ents over 2200-4400K in Unvoided 
Upper Blanket Computed from 
Fluxes at Both Temperatures for 
LWR-Pu-Fueled CRBR at BOL. ANL 
Neg. No. 116-77-658 

12S 0 130 0 136 0 140 0 14S 0 ISO 0 196 0 180 0 
HEIGHT FROM LOWER AXIAL BLANKET BOTTOM . CM 

•FLUXES AT 2200K . CENTRAL PORTION OF ROW 2 SUBASSS 
•FLUXES AT 2200K . CENTRAL PORTION OF ROW 4 SUBASSS 
•FLUXES AT 2200K . CENTRAL PORTION OF ROW 8 SUBASSS 
•FLUXES AT 22aOK . CENTRAL PORTION OF ROW 8 SUBASSS 
•FLUXES AT 4400K . RADIAL POSITION SAUE AS 1 
•FLUXES AT 4400K . RADIAL POSITION SAUE AS 2 
•FLUXES AT 4400K . RADIAL POSITION SAUE AS 3 
•FLUXES AT 4400K . RADIAL POSITION SAUE AS 4 
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F i g . 11-22. 

Comparison of Doppler Coeff ic ients 
over 2200-44OOK i n Unovided Radial 
Blanket Computed from Fluxes a t 
Both Temperatures f o r LWR-Pu-
Fueled CRBR a t BOL. ANL Neg. No. 
116-77-622. 

0 4 0 0 8 0 0 8 0 0 100 0 1 2 0 0 140 0 
HEIGHT FROM LOWER AXIAL BLANKET BOTTOU . 

1 - F U I X D a 220OK . 
2 -FUIXB a 2200K . 
3 -FLUXB Kt 2a00K . 
4 -FUJXIS XT 4400K . 
5 -FLUXB AT 4400K . 
8 -FLUXES KI **OaH . 

PORTION OF RADUL BUNKET ADIACBIT TO OORB 
RADIAL BUNKET UID-THICXNE9S 
RADIAL BUNKET OUTER SURFXCE 
RADIAL POSITION SAUE AS I 
RADIAL POSITION SAUE AS 2 
RADIAL POSmON SAUE AS 3 

180 0 

CM 

Fig . 11-23. 

Doppler Coefficient over 2200-
4400K in Unvoided Core of the 
LWR-Pu-Fueled CRBR at the Begin
ning of Life. ANL Neg. No. 116-
77-621. 
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Fig. 11-24. 

Doppler Coefficient over 2200-
4400K in Unvoided Lower Blanket 
of the LWR-Pu-Fueled CRBR at the 
Beginning of Life. ANL Neg. No. 
116-77-645. 
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e -CENTRAL PORTION OF ROW 7 SUBASSS 
7 CENTRAL FORIKM OF ROW 8 SUBASSS 
8 •CENTRAL PORIION OP ROW 9 SUBASSS 

Fig. 11-25. 

Doppler Coefficient over 2200-
4400K in Unvoided Upper Blanket 
of the LWR-Pu-Fueled CRBR at the 
Beginning of Life. ANL Neg. No. 
116-77-64^. 

0 130 0 13S 0 140 0 145 0 190 - 0 196 - 0 180 0 
HEIGHT FROM LOWER AXIAL BLANKET BOTTOM , CM 

1 ^ : E N T R A L PORnoN O F ROW 2 S U B A S S S 
2 -CENTRAL PORTION OF ROW 3 SUBASSS 
3 -CENTRAL PORTKW OF ROW 4 SUBASSS 
4 -CENTRAL PORTION OF ROW S SUBASSS 
5 ^XNTRAL PORTION OP ROW 8 SUBASSS 
8 -CENTRAL PORnON OP ROW 7 SUBASSS 
7 .CENTRAL PORTION OP ROW 8 SUBASSS 
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Fig. 11-26. 

Doppler Coefficient over 2200-
4400K in Unvoided Radial Blanket 
of the LWR-Pu-Fueled CRBR at the 
Beginning of Life. ANL Neg. No. 
116-77-676. 

0 0 2 0 0 40 0 8 0 0 8 0 0 100 0 1200 140 0 
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180 0 

CM 

F i g . 1 1 - 2 7 . 

Doppler Coefficient over 2200-
4400K in Unvoided Core and Blan
kets of the LWR-Pu-Fueled CRBR 
at the Beginning of Life. ANL 
Neg. No. 116-77-677. 
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7 <n<TRAL PORTWN OP ROW 8 SUBASSS 
8 -CENTRAL PORTWN OP ROW 9 S U B A S S 
9 -PORTWN OF RADIAL BUNKET AOIACBtT TO CORC 
10 -RADIAL BUNKET UID-THKXNDB 
11 -RADIAL BUNKET OUTBI SURfkd 

CM 
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F i g . 11-28. 

Comparison of Doppler Coe f f i c i 
ents over 2200-4400K in T o t a l l y 
Voided Core Computed from Fluxes 
a t Both Temperatures fo r LWR-Pu-
Fueled CRBR a t BOL. ANL Neg. No. 
116-77-633. 

3 0 0 4 0 0 9 0 0 8 0 0 7 0 0 6 0 0 9 0 0 100 0 110 0 

HEIGHT FROM LOWER AXIAL BLANKET BOTTOM . 
1 -FLUXES AT 2200K . CENTRAL PORTION OF ROW 2 SUBASSS 
2 -FLUXES AT 2200K , CENTRAL PORTION OF ROW 4 SUBASSS 
3 -FLUXES AT 2200K . CENTRAL PORTION OF ROW 8 SUBASSS 
4 -FLUXES AT 2200K . CENTRAL PORTION OF ROW 8 SUBASSS 
5 -FLUXES AT 4400K . RADIAL POSITION SAUE AS 1 
6 -FLUXES AT 44aOK . RADIAL POSITION SAUE AS 2 
7 -FLUXES AT 44O0K . RADIAL POSITION SAUE AS 3 
6 -FLUXES AT 44aOK . RADIAL POSITION SAUE AS 4 

CM 

Fig. 11-29. 

Comparison of Doppler Coeffici
ents over 2200-4400K in Totally 
Voided Upper Blanket Computed 
from Fluxes at Both Temperatures 
for LWR-Pu-Fueled CRBR at BOL. 
ANL Neg. No. 116-77-634. 

126 0 130 0 13S 0 140 0 146 - 0 190 0 159 0 
HEIGHT FROM LOWER AXIAL BLANKET BOTTOM 

1 -FLUXES AT 2200K . CENTRAL PORTION OF ROW 2 SUBASSS 
2 -FLUXES AT 220DK . CENTRAL PORTION OF ROW 4 SUBASSS 
3 -FLUXES AT 2200K . CENTRAL PORTION OF ROW 8 SUBASSS 
4 -FLUXES AT 2200K . CENTRAL PORTION OF ROW 8 S U B A S S 
5 -FLUXES AT 4400K . RADIAL POSITION SAME AS I 
8 -FLUXES AT 4400K . RADIAL POSITION SAUE AS 2 
7 -FLUXES AT 4400K . RADIAL POSITION SAME AS 3 
8 -FLUXES AT 4400K . RADIAL POSmON SAME AS 4 

180 0 

CM 
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F i g . 11-30. 

Comparison of Doppler Coef f i c i 
en t s over 2200-4400K in Tota l ly 
Voided Radial Blanket Coii5)uted 
from Fliixes a t Both Temperattires 
fo r LWR-Pu-Fueled CRBR a t BOL. 
ANL Neg. No. 116-77-623. 

2 0 0 4 0 0 8 0 0 8 0 0 100 0 1200 140 0 
HEIGHT FROM LOWER AXIAL BLANKET BOTTOM , 

1 -FLUXES AT 2200K . PORTION OF RADIAL BLANKET ADIACBIT TO CORE 
2 -FLUXES AT 2200K . RADUL BUNKET UID-TinCKNESS 
3 -PUUXES AT ZZOOK . RADUL BUNKET OUTBI SURIMX 
4 -FLUXES AT 44aOK . RADIAL POBITWN SAME AS I 
6 -FLUXES AT 44aOK . RADIAL POSmON SAME AS 2 
8 -FLUXES AT 4400K . RADIAL POSmON SAME AS 3 

U O O 

CM 

Fig. 11-31. 

Doppler Coefficient over 2200-
440OK in Totally Voided Core of 
the LWR-Pu-Fueled CRBR at the 
Beginning of Life. ANL Neg. 
No. 116-77-647. 

S 
0 40 0 90 0 80 0 70 0 80 0 80 0 MO 0 110 0 

HEIGHT FROM LOWER AXIAL BLANKET BOTTOM 
^ : E N T R A L PORTWN OF ROW 2 SUBASSS 
^S(TRAL PORTWN OP ROW 3 SUBASSS 
•CDITRAL PORTWN OP ROW 4 SUBASSS 
^DITRAL PORnON OP ROW S SUBASSS 
<BITRAL PORTWN OP ROW 8 SUBASSS 
^WTRAL PORnON OP ROW 7 SUBASSS 
^ B n j A L PORTWN OP ROW 8 SUBABn 
•CENTRAL N i m O N OP ROW t WUUMS 

• H O 

CM 
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Fig. 11-32. 

Doppler Coefficient over 2200-
4400K in Totally Voided Core and 
Blankets of the LWR-Pu-Fueled 
CRBR at the Beginning of Life. 
ANL Neg. No. 116-77-635. 

0 0 2 0 0 4 0 0 8 0 0 BOO l U O 1 2 0 0 140 0 
HEIGHT FROM LOWER AXIAL BLANKET BOTTOM , 

1 -CENTRAL PORTION OF ROW 2 SUBASSS 
2 -CENTRAL PORTION OF ROW 3 SUBASSS 
3 -CENTRAL PORTION OF ROW 4 SUBASSS 
4 -CENTRAL PORTION OF ROW S SUBASSS 
5 -CENTRAL PORTION OF ROW 6 SUBASSS 
8 -CENTRAL PORTION OF ROW 7 SUBASSS 
7 ^^XNTRAL PORTWN OF ROW 8 SUBASSS 
8 -CENTRAL PORnON OF ROW 9 SUBASSS 
9 -PORnON OF RADIAL BUNKET ADJACENT TO CORE 
10-RADIAL BUNKET UID-THICKNESS 
11 -RADIAL BUNKET OUTER SURFACE 

180 0 180 0 

CM 

Fig . 11-33. 

Comparison of Steel Worth Dis
tributions in Core Between Nor
mal and Core-and-Blanket-Voided 
LWR-Pu-Fueled CRBR at the Begin
ning of Life. ANL Neg. No. 116-
77-636. 

1 -NORUAL REACTOR . CENTRAL PORTION OF ROW 2 SUBASSS 
2 -NORUAL REACTOR . CENTRAL PORTION OF ROW 4 SUBASSS 
3 -NORUAL REACTOR . CENTRAL PORTION OF ROW 8 SUBASSS 
4 -NORUAL REACTOR . CENTRAL PORTION OF ROW 8 SUBASSS 
8 -VOIDED REACTOR . RADIAL POSITION SAUE AS 1 
8 -VOIDED REACTOR . RADIAL POSITION SAUE AS 2 
7 -VOIDED REACTOR . RADIAL POSITION SAUE AS 3 
8 -VOIDED REACTOR . RADIAL POSITION SAUE AS 4 
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Fig. 11-34. 

Comparison of Steel Worth Dis
tributions in Upper Blanket Bet
ween Normal and Core- and 
Blanket-Voided LWR-Pu-Fueled 
CRBR at the Beginning of Life. 
ANL Neg. No. 116-77-609. 

126 0 130 0 139 0 140 0 145 0 ISO 0 196 0 180 0 
HEIGHT FROM LOWER AXIAL BLANKET BOTTOM . CM 

1 -NORUAL REACTOR . CENTRAL PORTWN OP ROW 2 SiSiSS 
2 -NORUAL REACTOR . CglTRAL PORTWN OP ROW 4 ^ O i ^ 
3 -NORUAL REACTOR. CDTTRAL PORTWN OP ROW 8 J I B A ^ 
4 -NORUAL REACTOR. CENTRAL PORTipfl OP.ROW 8 WBASSS 
5 -VOIDED REACTOR. RADIAL POamON SAIB AS I 
8 -VOIDED REACTOR. RAOUL POBmOl! SAIB AS 2 
7 -VOIDD) REACTOR. RADIAL PaWWII SAME AS 3 
8 -VOIDED REACTOR. RADIAL POBnWN SAME AS 4 

Fig. 11-35. 

Comparison of Steel Worth Dis
tributions in Radial Blanket 
Between Normal and Core-and-
Blanket-Voided LWR-Pu-Fueled 
CRBR at the Beginning of Life. 
ANL Neg. No. 116-77-606. 

8 0 0 4 0 0 8 0 0 8 0 0 lOOO 180 0 140 0 M O O 
HEIGHT FROM LOWER AXIAL BLANKET BOTTOM . CM 
' PORTWH OP RADIAL BLANKET AOIAdNT TO CORE -NORMAL REACTOR 

-NORUAL REACTOR 
•NORUAL REACTOR 
•VOIDCD REACTOR 
-VWOB) REACTOR 
•VOIDn REACTOR 

RADIAL BLANKET UID-1HICXNB_ 
RADIAL J U m C r OUTBI SURfftd 

RADIAL W H O M SAME AS I 
RADUL PggnON SAME AS t 
RADIAL POanWN SAME AS 3 
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Fig. 11-36. 

Axial Distribution of Steel 
Worth in Core in the LWR-Grade 
Plutonium Fueled Clinch River 
Breeder Reactor at the Beginning 
of Life. ANL Neg. No. 116-77-
697. 

1 -CENTRAL 
2 -CENTRAL 
3 -CENTRAL 
4 ^:ENTRAL 
S .CENTRAL 
8 -CENTRAL 
7 -CENTRAL 
8 -CENTRAL 

PORTION 
PORTION 
PORTION 
PORTWN 
PORnON 
PORTION 
PORTION 
PORTION 

OF BOW 
OF ROW 
OF ROW 
OF ROW 
OF ROW 
OF ROW 
OF ROW 
OF ROW 

2 SUBASSS 
3 SUBASSS 
4 SUBASSS 
5 SUBASSS 
8 SUBASSS 
7 SUBASSS 
8 SUBASSS 
g SUBASSS 

Fig. 11-37. 

Axial Distribution of Steel 
Worth in Radial Blanket in the 
LWR-Grade Plutonium Fueled 
Clinch River Breeder Reactor at 
the Beginning of Life. ANL Neg. 
No. 116-77-628. 

0 0 20 0 40 0 80-O od 0 100 0 120 0 140 0 180 0 

HEIGHT FROM LOWER AXIAL BLANKET BOTTOM . CM 
1 -PORTION OF RADIAL BLANKET ADJACENT TC CORE 
2 -RADIAL BUNKET UID-THICKNESS 
3 -RADIAL BUNKET OUTER SURfkCE 
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Fig. 11-38. 

Axial Distribution of Steel 
Worth in Core and Blankets in 
the LWR-Grade Plutonium Fueled 
Clinch River Breeder Reactor at 
the Beginning of Life. ANL Neg. 
No. 116-77-663. 

1 -CENTRAL PORTION OF ROW 2 SUBASSS 
2 CENTRAL PORTION OP ROW 3 SUBASSS 
3 ^XNTRAL PORTION OF ROW 4 SUBASSS 
4 -CENTRAL PORTION OF ROW 9 SUBASSS 
9 ^XNTRAL PORTWN OF ROW 8 SUBASSS 
8 ^XNTRAL PORTWN OP ROW 7 SUBASSS 
7 ^XNTRAL PDRTMM OP ROW 8 S U B A 9 S 
8 -CENTRAL FOIRMN OP ROW 8 SUBASBB 
?» ' K S n ? " . ^ JSAS*"- • •* 'KF ADIACBIT TO CORE 
10 -RADIAL BUNKET Un^-THKKNESB 
11 -RADIAL BUNKET OUTER SURIXCE 

Fig. 11-39. 

Axial Distribution of Core Fuel 
Worth in Core in the LWR-Grade 
Plutonium Fueled Clinch River 
Breeder Reactor at the Begin
ning of Life. ANL Neg. No. 116-
77-648. 

3 0 0 40 0 S O O 8 0 0 7 0 0 8 0 0 9 0 0 M O O U O O 

HEIGHT FROM LOWER AXIAL BLANKET BOTTOM 
1 CENTRAL PORTION OP ROW 2 SUBASSS 
2 CENTRAL PORTWN OP ROW 3 SUBASSS 
3 'KXNTRAL PORTWN OP ROW 4 SUBASSS 
4 -CENTRAL PORTION OP ROW B SUBASSS 
B ^BITRAL PORTION OP ROW 8 S U B A S n 
6 CENTRAL PORTWN OP ROW 7 SUBASSS 
7 <BITRAL PORTWH OP ROW 8 SUBASSS 
8 -CENTRAL PORnON OP ROW 8 SUBASSS 

no 0 OB-a 
CM 
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Fig. 11-40. 

Axial Distribution of Core Fuel 
Worth in Lower Blanket in the 
LWR-Grade Plutonium Fueled Clinch 
River Breeder Reactor at the 
Beginning of Life. ANL Neg. No. 
116-77-660. 

5 0 10 0 15 0 2 0 0 2 5 0 3 0 0 
HEIGHT FROM LOWER AXIAL BLANKET BOTTOM . CU 

1 -CENTRAL PORTION OF ROW 2 SUBASSS 
2 -CENTRAL PORTION OF ROW 3 SUBASSS 
3 -CENTRAL PORTION OF ROW 4 SUBASSS 
4 -CENTRAL PORTION OF ROW 5 SUBASSS 
5 -CENTRAL PORTION OF BOW 6 SUBASSS 
6 -CENTRAL PORTION OF ROW 7 SUBASSS 
7 -CENTRAL PORTION OF ROW 8 SUBASSS 
8 -CENTRAL PORTION OF ROW 9 SUBASSS 

Fig. 11-41. 

Axial Distribution of Core Fuel 
Worth in Upper Blanket in the 
LWR-Grade Plutonium Fueled 
Clinch River Breeder Reactor at 
the Beginning of Life. ANL Neg. 
No. 116-77-629. 

0 130 0 135 0 140 0 145 0 ISO 0 IS6 - 0 160 0 
HEIGHT FROM LOWER AXIAL BLANKET BOTTOM , CM 

-CENTRAL PORTION OF ROW 2 SUBASSS 
-CENTRAL PORTION OF ROW 3 SUBASSS 
-CENTRAL PORTION OF ROW 4 SUBASSS 
-CENTRAL PORTION OF ROW 5 SUBASSS 
-CENTRAL PORTION OF ROW 8 SUBASSS 
-CENTRAL PORTION OF ROW 7 SUBASSS 
-CENTRAL PORTION OF ROW 8 SUBASSS 
-CENTRAL PORTWN OP ROW 9 SUBASSS 
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Fig. 11-42. 

Axial Distribution of Radial 
Blanket Fuel Worth in the LHR-
Grade Plutonium Fueled Clinch 
River Breeder Reactor at the 
Beginning of Life. ANL Neg. No. 
116-77-616 

1 -PORTION OF RADIAL BUNKET ADJACDIT TO CORE 
2 -RADIAL BUNKET UID-THWKNESS 
3 -RADIAL BUNKET OUTER SURFACE 

Fig. 11-43. 

Axial Distribution of Core and 
Radial Blanket Fuel Worths in 
the LWR-Grade Plutonivim Fueled 
Clinch River Breeder Reactor 
at the Beginning of Life. ANL 
Neg. No. 116-77-615. 

I I ! ' • ' I 
2 0 0 4 0 0 8 0 0 8 0 0 M O O O O O 140 0 
HEIGHT FROM LOWER AXIAL BLANKET BOTTOM . 

1 ^XNTRAL POfmON OF ROW 2 S U B A S S 
2 <ENTRAL PORHON OP ROW 3 SUBASSS 
3 -CENTRAL PORTION OF ROW 4 SUBASSS 
4 -CENTRAL PORTION OF ROW 5 SUBASSS 
5 ^ m T R A L PORTION OF ROW 8 SUBASSS 
8 -CENTRAL PORTWN OF ROW 7 SUBASSS 
7 .CENTRAL PomiON OP ROW 8 SUBASSS 
a CENTRAL PORTION OF ROW 8 SUBASSS 
9 -PORTION OP RADIAL BUNKET ADIACBIT TO CORE 
10 -RADIAL BUNKET MID-mKXWBB 
11 -RADIAL BUNKET OUTBI a U R I K I 

CM 
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Fig. III-l. 

Subassembly Power Factors for the 
FFTF Plutonivim Fueled Clinch River 
Breeder Reactor at the Beginning 
of Life. ANL Neg. No. 116-77-661 

Fig. II1-2. 

Subassembly Peak-to-Average Power 
Density Ratios for the FFTF 
Plutonium Fueled Clinch River 
Breeder Reactor at the Beginning 
of Life. ANL Neg. No. 116-77-652 

Fig. III-3. 

Subassembly Peak Power Factors for 
the FFTF Plutonium Fueled Clinch 
River Breeder Reactor at the 
Beginning of Life. ANL Neg. No. 116-
77-653 
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Fig. III-4. 

Axial Distribution of Power in 
the FFTF-Plutonium Fueled Clinch 
River Breeder Reactor Core at 
the Beginning of Life. 
ANL Neg. No. 116-77-608 

3 0 0 4 0 0 S O O 8 0 0 7 0 0 8 0 0 9 0 0 100 0 110 0 1 2 0 0 

HEIGHT FROM LOWER AXIAL BLANKET BOTTOM . CM 
1 -PORTION OF ROW 2 SUBASSS ADJACENT TO THE CENTRAL CONTROL ROD ( 2 / 3 IN) 
2 -CENTRAL PORTION OF ROW 3 SUBASSS 
3 -PORnON OF ROW 4 SUBASSS ADJACENT TO WITHDRAWN RODS 
4 ^XNTRAL PORTION OF ROW S SUBASBS 
5 -PORnON OF ROW 8 SUBASSS ADIACENT TO RODS XT njOS OP ROW 7 ( 2 / 3 IN) 
8 -PORnON OF ROW 7 SUBASSS ADJACENT TO ROOB XT PUSS ( 2 / 3 IN) 
7 -PORTION OF ROW 8 SUBASSS ADJACENT TO wnHDR«N RODS AT CORNERS OP ROW 
8 -PORTION OF ROW 9 SUBASSS ADJACENT TO RADIAL BUNKET 

Fig. III-5. 

Axial Distribution of Power In 
the FFTF-Plutonium Fueled Clinch 
River Breeder Reactor Radial 
Blanket at the Beginning of 
Life. ANL Neg. No. 116-77-665 

8 0 0 4 0 0 8 0 0 8 0 0 100 a 120 0 1«0 0 

HEIGHT FROM LOWER AXIAL BLANKET BOTTOM 
I -PORTWN OP RADUL BUNKET ADIACBIT TO CORC 
I -RADIAL BUNKET UID-THKKNESS 
8 -RADIAL BUNKET O U m SURFACE 

1«C 0 

CM 
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Fig. III-6. 

Axial Distribution of Power in 
the FFTF-Plutonium Fueled Clinch 
River Breeder Freactor Core and 
Blanket at the Beginning of Life 
ANL Neg. No. 116-77-664 

0 0 2 0 0 4 0 0 8 0 0 8 0 0 100 0 1 2 0 0 140 0 180 0 
HEIGHT FROM LOWER AXIAL BLANKET BOTTOM . CM 

i "£2!!I!P'' °Z.JS'' 2 SUBASSS ADJACENT TO T H E CENTRAL CONTROL ROD ( 2 / 3 IN) 
2 CENTRAL PORTION OF ROW 3 SUBASSS 
3 -PORTION OF ROW 4 SUBASSS ADJACENT TO WITHDRAWN BODS 
4 -CENTBAL PORTION OF ROW 5 SUBASSS 
5 •£251! '" ' °^ S ? ' • SUBASSS ADJACENT TO RODS AT FUTS OF ROW 7 ( 2 / 3 IN) 
S " S E E S " °^ S 5 " ' SUBASSS ADJACENT TO RODS AT P U I S ( 2 / 3 IN) 
I *£SES2S 2E KE " SUBASSS ADUCENT TO WITHDRAWN ROD̂  AT OiRl 
! • E 2 5 n ° ' * <"̂  "O" • SUBASSS ADJACDIT TO RADUL BUNKET 
8 -PORTION OF RADIAL BUNKET ADJACDIT TO CORE 
W-RADIAL BUNKET UID-THICKNESS 
U -RADIAL BUNKET OUTER SURFACE 

ORNERS OF ROW 7 

Fig. I I I - 7 . 

Radial Distribution of Power 
in the FFTF-Plutonium Fueled 
Clinch River Breeder Reactor 
Core and Blanket at the 
Beginning of Life. 
ANL Neg. No. 116-77-572 

O 

< 

o. 

o 

$' 

GO 

z 
Q ? 
M 
O 
a. o S 

r=^]r=iH 
0 0 10 0 2 0 0 3 0 0 4 0 0 S O O 8 0 0 7 0 0 8 0 0 BO'0 1 0 0 ' O t i a ' O I 2 0 ' O I 3 0 0 

RADIUS . CM 
-JUST BELOW THE LOWER AXIAL B U N K E T AND CORE INTERMCE 
-JUST ABOVE THE LOWER AXIAL B U N K E T AND CORE INTERfACE 
-JUST BELOW THE UPPER AXIAL B U N K E T AND CORE INTERfACE 
-JUST ABOVE THE UPPER AXIAL B U N K E T AND CORE INTERfkCE 
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Fig. III-8. 

Distribution of Sodium Void 
Worth in Core in the FFTF-
Plutonium Fueled Clinch River 
Breeder Reactor at the Beginning 
of Life. ANL Neg. No. 116-77-
638. 

1 -CENTRAL 
2 -CENTBAL 
3 CENTRAL 
4 -CENTRAL 
5 -CENTRAL 
8 -CENTBAL 
7 -CENTRAL 
8 -CENTRAL 

PORTION 
PORTION 
PORTION 
PORTION 
PORTION 
PORnON 
PORTWN 
PORTION 

OP ROW 
OF ROW 
OF ROW 
OF BOW 
OF ROW 
OF ROW 
OF ROW 
OF ROW 

2 SUBASSS 
3 SUBASSS 
4 SUBASSS 
9 SUBASSS 
8 SUBASSS 
7 SUBASSS 
8 SUBASSS 
9 SUBASSS 

Fig. III-9. 

Distribution of Sodium Void 
Worth in Core and Blankets in 
the FFTF-Plutonium Fueled 
Clinch River Breeder Reactor 
at the Beginning of Life. 
ANL Neg. No. 116-77-655 

-CENTRAL PORTION OF ROW 2 SUBASrs 

-tLNTRAL PORTON OP ROW 4 SUaA<K^ 

5ENTRAL PORTION OF ROW 8 S U B A S S 
-CENTRAL PORTION OF ROW ° SUBASS 
-CENTRAL PORTION OF TO! B i O s i s I 
-CENTRAL PORTION OF ROW 9 SUBA9S 
•KE?%?^-^JS*i..?:t.'«E * ~ ^ 10 CORE 10 - R A D I A I Bil^NKEr U I ^ S S ^ ^ 

11 -RADIAL BLANKET o u T d i a i ! 8 S a 
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Fig . I I I - I O . 

Comparison of Void Worth D i s t r i 
bu t ions in Core Between LWR-Pu-
Fueled and FFTF-Pu-Fueled CRBR 
a t the Beginning of L i f e . 
ANL Neg. No. 116-77-671 

1 
2 
3 
4 
s 6 
7 
8 

-= — -— — — = 

UTR-PU FUEL 
IHR-PU FUEL 
UTR-PU FUEL 
IWR-PU FUEL 
FFTF-PU FUEL 
FFTF-PU FUEL 
FFTF-PU FUEL 
FFTF-PU FUEL 

CENTRAL PORTION OF ROW 2 SUBASSS 
CENTRAL PORTION OF ROW 4 SUBASSS 
CENTRAL PORTION OF ROW 8 SUBASSS 
CENTRAL PORTION OF BOW 8 SUBASSS 
RADIAL POSITION SAUE AS 1 
RADIAL POSITION SAUE AS 2 
RADIAL POSITION SAUE AS 3 
RADIAL POSITION SAUE AS 4 

Fig . I I I - l l . 

Comparison of Void Worth D i s 
t r i b u t i o n s i n Upper Blanket 
Between LWR-Pu-Fueled and 
FFTF-Pu-Fueled CRBR a t the 
Beginning of L i f e . 
ANL Neg. No. 116-77-672 

o 

a: 
o r 

o 

:«: ' 

X 

o 
o 
> 

0 130 0 135 0 
HEIGHT Fl 

0 160 0 
LANKET BOTTOM , CM 

1 
2 
3 
4 
ft 
8 
7 
8 

s 

— — ---= -

IWR-PU FUEL 
IWR-PU FUEL 
UTR-PU FUEL 
UlR-PU FUEL 
FFTF-PU FUEL 
FFTF-PU FUEL 
FFTF-PU FUEL 
FFTF-PU FUEL 

CENTRAL PORTION OF ROW 2 SUBASSS 
CENTRAL PORTION OF ROW 4 SUBASSS 
CENTRAL PORTION OF ROW 8 SUBASSS 
CENTRAL PORTION OF ROW 8 SUBASSS 
RADIAL POSmON SAUE AS 1 
RADIAL POSITION SAUE AS 2 
RADIAL POSITION SAUE AS 3 
RADIAL POSITION SAUE AS 4 
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F i g . I I I - 1 2 . 

Comparison of Void Worth Dis
t r i b u t i o n s i n Radial Blanket 
Between LWR-Pu-Fueled and 
FFTF-Pu-Fueled CRBR a t the 
Beginning o f L i f e . 
ANL Neg. No. 1 1 6 - 7 7 - 6 7 3 . 

• IWR-PU FUEL 
UTR-PU FUEL 

• UlR-PU FUEL 
FFTF-PU FUEL 

i FFTF-PU FUEL 
FFTF-PU FUEL 

PORTION OF RADIAL BUNKET ADJACDIT TO CORE 
RADIAL BLANKET UID-THICKNESS 
RADIAL BUNKET OUTER SUBRCE 
BADIAL POSITION SAUE AS I 
BADIAL POSITION SAUE AS 2 
RADIAL POSITION SAUE AS 3 

Fig. III-13. 

Axial Distribution of Steel Worth 
in Core in the FFTF-Plutonium 
Fueled Clinch River Breeder 
Reactor at the Beginning of 
Life. ANL Neg. No. 116-77-619 

1 -CIXT1UL POlmON OP ROW 2 SUBASSS 
2 -COmM. PORTION OP ROW 3 SUBASSS 
3 ^XTTRAL PORTWH OP ROW 4 SUBA93 
4 <lllT1tAL PanWH OP ROW 9 S U B A ^ 
5 -CBtTRAL PORTWH OP ROW 8 SUBASS 
8 -CBITRAL PORTIOH OP ROW 7 SUBASTS 
7 -CBmiAL POmOH OP ROW 8 SURASSS 
8 -CDfTIIAL POmON or ROW 9 aURASSS 
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Fig. III-14. 

Axial Distribution of Steel 
Worth in Core and Blankets in 
the FFTF-Plutonium Fueled Clinch 
River Breeder Reactor at the 
Beginning of Life. 
ANL Neg. No. 116-77-620 

1 -CENTRAL PORTION OF ROW 2 SUBASSS 
2 -CENTRAL PORTWN OF ROW 3 SUBASSS 
3 -CENTRAL PORTION OF ROW 4 SUBASSS 
4 -CENTRAL PORTION OF ROW 5 SUBASSS 
5 -CENTRAL PORTION OF ROW 8 SUBASSS 
6 -CENTRAL PORTION OF ROW 7 SUBASSS 
7 -CENTRAL PORnON OF ROW B SUBASSS 
8 -CENTRAL PORTION OF ROW 9 SUBASSS 
9 -PORTION OF RADIAL BUNKET ADJACENT TO CORE 
10 -RADIAL BUNKET UID-THICKNESS 
11 -RADIAL BUNKET OUTER SURFACE 

F i g . I I I - 1 5 . 

Comparison of S t e e l Worth Dis 
t r i b u t i o n s i n Core Between LWR-
Pu-Fueled and FFTF-Pu-Fueled 
CRBR a t t he Beginning of L i f e . 
ANL Neg. No. 116-77-625 
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» :) 4 
* j 

6 
7 
H 

= = = = = = = = 

1>R PL FLtL 
1>R PU FLEL 
1>R PL FLEL 
LUR-PL FLEL 
FFTF PL FLEL 
FFTF- PL FLEL 
FFTF PL FLEL 
FFTF PL FL EL 

CENTRAL PORTION OF ROW 2 SUBASSS 
CENTRAL PORTION OF ROW 4 SUBASSS 
CENTRAL PORTION OF ROW 6 SUBASSS 
CENTRAL PORTION OF ROW 8 SUBASSS 
RADIAL POSITION SAME AS I 
RADIAL POSITION SAUE AS 2 
RADIAL POSITION SAUE AS 3 
RADIAL POSITION SAUE AS 4 
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Fig. III-16. 

Comparison of Steel Worth Dis
tributions in Upper Blanket 
Between LWR-Pu-Fueled and 
FFTF-Pu-Fueled CRBR at the 
Beginning of Life. 
ANL Neg. No. 116-77-626. 

125 0 130 0 
HEIGHT 

1 - JIR-PU FUEL 
2 = IWR-PU FUEL 
3 - UlR-PU FUEL 
4 - [WR-PU FUEL 
5 - FFTF-PU FUEL 
8 - FFTF-PU FUEL 
7 - FFTF-PU FUEL 
8 - FFTF-PU FUEL 

135 0 140 0 145 0 150 0 155 0 180 0 

FROM LOWER AXIAL BLANKET BOTTOM . CM 
CENTRAL PORTION OF BOW 2 3UBA|SS 
CENTRAL PORTION OF ROW 4 SUBAOT 
CENTRAL PORTION OF ROW 8 S U B A S 3 
CENTRAL PORTION OF ROW 8 SUBASSS 
RADIAL POSmON SAUE A3 1 
RADIAL POSITION SAUE AS 2 
RADIAL POSITION SAUE AS 3 
RADIAL POSITION SAUE AS 4 

Fig . I I I - 1 7 . 

Comparison of S tee l Worth Dis
t r i b u t i o n s In Radial Blanket 
Between LWR-Pu-Fueled and 
FFTF-Pu-Fueled CRBR at the 
Beginning of L i fe . 
ANL Neg. No. 116-77-682 
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F i g . I I I - 1 8 . 

Doppler Coef f i c i en t over 2200-
4400K in Unvoided Core of the 
FFTF-Pu-Fueled CRBR a t the 
Beginning of L i fe . ANL Neg. 
No. 116-77-683 
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CM 

Fig. I I I -19 . 

Doppler Coefficient over 2200-
4400K in Unvoided Core and 
Blankets of the FFTF-Pu-Fueled 
CRBR at the Beginning of Life. 
ANL Neg. No. 116-77-646 
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Fig. I I I - 2 0 . 

Doppler Coeff ic ien t over 2200-
4400K in Tota l ly Voided Core 
of the FFTF-Pu-Fueled CRBR at 
the Beginning of L i fe . 
ANL Neg. No. 116-77-624 
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Fig. I I I - 2 1 . 

Doppler Coefficient over 2200-
4400K in Total ly Voided Core 
and Blankets of the FFTF-Pu-
Fueled CRBR at the Beginning 
of Li fe . ANL Neg. No. 116-
77-642 
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F i g . I I I - 2 2 . 

Comparison of Doppler Coeff i 
c i e n t s over 2200-4400K in 
Unvoided Core Between LWR-Pu-
Fueled and FFTF-Pu-Fueled CRBR 
a t BOL. ANL Neg. No. 116-77-
643 
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Fig. III-23. 

Comparison of Doppler Coeffi
cients over 2200-4400K in Un
voided Upper Blanket Between 
LWR-Pu-Fueled and FFTF-Pu-
Fueled CRBR at BOL. 
ANL Neg. No. 116-77-641 
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Fig. III-24. 

Comparison of Doppler Coeffi
cients over 2200-4400K in Un
voided Radial Blanket Between 
LWR-Pu-Fueled and FFTF-Pu-
Fueled CRBR at BOL. 
ANL Neg. No. 116-77-640 
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Fig . I I I - 2 5 . 

Comparison of Doppler Coeffi
c i en t s over 2200-4400K in 
Tota l ly Voided Core Between 
LWR-Pu-Fueled and FFTF-Pu-
Fueled CRBR a t BOL. 
ANL Neg. No. 116-77-669 
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Fig. III-26. 

Comparison of Doppler Coeffi
cients over 2200-4400K in 
Totally Voided Upper Blanket 
Between LWR-Pu-Fueled and 
FFTF-Pu-Fueled CRBR at BOL. 
ANL Neg. No. 116-77-670 
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Fig. I I I -27 . 

Comparison of Doppler Coeffi
cients over 2200-4400K in 
Totally Voided Radial Blanket 
Between LWR-Pu-Fueled and 
FFTF-Pu-Fueled CRBR at BOL. 
ANL Neg. No. 116-77-649 

0 0 2 0 0 40 0 8 0 0 8 0 0 100 0 120 0 140 0 

HEIGHT FROM LOWER AXIAL BLANKET BOTTOM 
US'En S i ! - • E°SP'"' °^ RADIAL BUNKET ADJACENT TO CORE 
K!S-EH mB "*•"*'• BUNKET UID-THICKNESS 
"JgrPUPUEL . RADIAL BUNKET OUTER SURFACE 
FFTF-PU FUEL . RADIAL POSITION SAUE AS 1 
EEIE'EH EHH- • "*'"*'• POSITION SAUE AS 2 
FPTF-PU FUEL . RADIAL POSITION SAUE AS 3 
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Fig. III-28. 

Axial Distribution of Core 
Fuel Worth in Core in the 
FFTF-Plutonium Fueled Clinch 
River Breeder Reactor at the 
Beginning of Life. 
ANL Neg. No. 116-77-668 
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8 -CENTRAL POSnON OF HOW 7 SUBASSS 
7 -CENTRAL PORTION OF ROW 8 SUBASSS 
8 CENTRAL PORTION OF HOW 9 SUBASS 
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CM 

Fig . I I I - 2 9 . 

Axial Distribution of Core Fuel 
Worth In Lower Blanket In the 
FFTF-Plutonium Fueled Clinch 
River Breeder Reactor at the 
Beginning of Life. 
ANL Neg. No. 116-77-630 
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F i g . I I I - 3 0 . 

Axial D i s t r i b u t i o n of Core Fuel 
Worth in Upper Blanket i n the 
FFTF-Plutonium Fueled Clinch 
River Breeder Reactor a t the 
Beginning of L i f e . 
ANL Neg. No. 116-77-659 
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2 -CENTRAL PORTION OF BOW 3 SUBASSS 
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5 ^JENTRAL PORTION OF ROW 8 SUBASSS 
8 -CENTRAL PORTION OF BOW 7 SUBASSS 
7 -CENTBAL PORTION OF BOW B SUBASSS 
8 -CENTRAL PORTWN OF ROW 9 SUBASSS 

Fig. III-31. 

Axial Distribution of Radial 
Blanket Fuel Worth in the FFTF-
Plutonium Fueled Clinch River 
Breeder Reactor at the Beginning 
of Life. ANL Neg. No. 116-77-
674 

1 -PORTWN OF RADIAL BUNKET ADJACENT TO CORE 
2 -RADIAL BUNKET UID-THICKNESS 
3 -RADIAL BUNKET OUTER SURFACE 
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F i g . IV-1 . R-Z Model of t h e Lower Half of the Hot F u l l Power 
Clinch River Breeder Reactor Used for Equi l ibr ium 
Cycle C a l c u l a t i o n s . The t w o - d i g i t numbers shown 
in the r e g i o n s are r e g i o n names. ANL Neg. No. 
116-77-694 
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F i g . IV-2. Radial S p l i t of the Radial Blanket of t h e Hot Fu l l 
Power CRBR showing i t s De ta i l ed Fuel Management Used 
for the Improved Equi l ibr ium Cycle C a l c u l a t i o n s . The 
arrows i n d i c a t e the charging , shuff ing and d i s c h a r g 
ing of the subassembl ies . Axia l ly t h e r e a r e s i x 
r eg ions i n the r a d i a l b lanke t and the r e s t of t he 
R-Z model i s the same as t h a t shown in F i g . I V - 1 . 
Regions 71 and 91 each c o n s i s t of two a n n u l i . 
ANL Neg. No. 116-77-692. 
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Fig. V-1 

Subassembly Power Factors for 
the LWR-Grade Plutonium 
Fueled Clinch River Breeder 
Reactor at the Beginning of 
Equilibrium Cycle 14. 
ANL Neg. No. 116-77-618 

I038 < O810 • 0846 < OT53 ' 

Fig. V-2. 

Subassembly Peak-To-Average 
Power Density Ratios for the 
LWR-Grade Plutonium Fueled 
Clinch River Breeder Reactor 
at the Beginning of Equilib
rium Cycle 14. ANL Neg. No. 
116-77-617 
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Fig. V-3. 

Subassembly Peak Power 
Factors for the LWR-Grade 
Plutonium Fueled Clinch River 
Breeder Reactor at the 
Beginning of Equilibrium 
Cycle 14. ANL Neg. No. 116-
77-656 

Fig . V-4. 

Axial D i s t r i b u t i o n of Power i n 
Core of the LWR-Pu-Fueled CRBR 
at the Beginning of Equi l ibr ium 
Cycle 14. ANL Neg. No. 116-77-
598 
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Fig. V-5. 

Axial D i s t r i b u t i o n of Power in 
Lower Blanket of the LWR-Pu-
Fueled CRBR a t the Beginning of 
Equilibrium Cycle 14. 
ANL Neg. No. 116-77-611 
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Fig. V-6. 

Axial Distribution of Power In 
Upper Blanket of the LWR-Pu-
Fueled CRBR at the Beginning 
of Equilibrium Cycle 14. 
ANL Neg. No. 116-77-607 
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Fig. V-7. 

Comparison of Power Distribu
tions in Radial Blanket of the 
LWR-Pu-Fueled CRBR Between the 
BOEC 14 and EOEC 17. ANL Neg. 
No. 116-77-603 

0 0 

1 -BOEC 
2 -BOEC 
3 -BOEC 
4 -EOEC 
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8 -EOBC 
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RADIAL BUNKCT OUTER SURFACE 
PORTION OF RADIAL BUNKET ADJACENT TO CORE 
BADIAL BUNKET UID-THKn(NQS 
BADIAL BUNKET OUTER SURFACE 

Fig. V-8. 

Subassembly Power Factors for 
the LWR-Grade Plutonium 
Fueled Clinch River Breeder 
Reactor at the Beginning of 
Equilibrium Cycle 14 Without 
Capture Energy with an 
Average Energy/Fission Based 
on Version IV Cross-Section 
Set 2. ANL Neg. No. 116-77-
654 
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Fig. V-9. 

Subassembly Peak-to-Average 
Power Density Ratios for the 

LWR-Grade Plutonium Fueled 
Clinch River Breeder Reactor 
at the Beginning of Equilibrium 
Cycle 14 without Capture Energy 
with an Average Energy/Fission 
Based on Version IV Cross-
Section Set 2. ANL Neg. No. 
116-77-678 

Fig. V-10. 

Subassembly Peak Power Factors 
for the LWR-Grade Plutonium 
Fueled Clinch River Breeder 
Reactor at the Beginning of 
Equilibrium Cycle 14 without 
Capture Energy with an Average 
Energy/ Fission Based on 
Version IV Cross-Section Set 2. 
ANL Neg. No. 116-77-679 
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Fig. V-11. 

Subassembly Power Factors for 
the LWR-Grade Plutonium 
Fueled Clinch River Breeder 
Reactor at the Beginning of 
Equilibrium Cycle 14 with 
Isotopic Capture and Fission 
Energies Based on Version IV 
Cross-Section Set 2. 
ANL Neg. No. 116-77-604 

Fig . V-12. 

Subassembly Peak-to-Average 
Power Densi ty Rat ios fo r the 
LWR-Grade Plutonium Fueled 
Clinch River Breeder Reactor 
at t he Beginning of E q u i l i b 
rium Cycle 14 wi th I s o t o p i c 
Capture and F i s s ion Energies 
Based on Version IV Cross-
Section Set 2. ANL Neg. No. 
116-77-602 
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Fig. V-13. 

Subassembly Peak Power 
Factors for the LWR-Grade 
Plutonium Fueled Clinch River 
Breeder Reactor at the 
Beginning of Equilibrium 
Cycle 14 with Isotopic 
Capture and Fission Energies 
Based on Version IV Cross-
Section Set 2. ANL Neg. No. 
116-77-666 

Fig. V-14. 

Subassembly Average Power 
Densities for the LWR-Grade 
Plutonium Fueled Clinch River 
Breeder Reactor at the 
Beginning of Equilibrium 
Cycle 14 with Isotopic 
Capture and Fission Energies 
Based on Version IV Cross-
Section Set 2. ANL Neg. No. 
116-77-693 
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Fig. V-15. 

Distribution of Sodium Void 
Worth in Core of the LWR-Pu-
Fueled CRBR at the Beginning 
of Equilibrium Cycle 14. 
ANL Neg. No. 116-77-581 
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Fig. V-16. 

Distribution of Sodium Void 
Worth in Lower Blanket of the 
LWR-Pu-Fueled CRBR at the 
Beginning of Equilibrium Cycle 
14. ANL Neg. No. 116-77-580 
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Fig. V-17. 

Distribution of Sodium Void 
Worth in Upper Blanket of the 
LWR-Pu-Fueled CRBR at the 
Beginning of Equilibrium Cycle 
14. ANL Neg. No. 116-77-584 
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Fig. V-18. 

Distribution of Sodium Void 
Worth in Core and Blankets of 
the LWR-Pu-Fueled CRBR at the 
Beginning of Equilibrium Cycle 
14. ANL Neg. No. 116-77-594 
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Fig. V-19. 

Comparison of Void Worth Dis
tributions in Radial Blanket 
of the LWR-Pu-Fueled CRBR 
Between the BOEC 14 and EOEC 
17. ANL Neg. No. 116-77-705 
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4 -EOBC . PORTION OP RADIAL BLANKET ADJACENT TO CORE 
6 -EOBC . BADIAL BUNKET UID-THWKNES 
8 -EOEC . BADIAL BUNKET OUTER SURFACE 

Fig. V-20. 

Doppler Coefficient over 2200-
4400K in Unvoided Core of the 
LWR-Pu-Fueled CRBR at the 
Beginning of Equilibrium Cycle 
14. ANL Neg. No. 116-77-707 
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F ig . V-21 . 

Doppler Coef f ic ien t over 2200-
4400K in Unvoided Core and 
Blankets of t he LWR-Pu-Fueled 
CRBR a t the Beginning of 
Equil ibr ium Cycle 14. ANL 
Neg. No. 116-77-708 
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Fig . V-22. 

Comparison of Doppler Coeff i
c i en t s over 2200-4400K in Un
voided Radial Blanket of the 
LWR-Pu-Fueled CRBR Between the 
BOEC 14 and EOEC 17. ANL Neg. 
No. 116-77-706 
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Fig. V-23. 

Doppler Coefficient over 2200-
4400K in Totally Voided Core of 
the LWR-Pu-Fueled CRBR at the 
Beginning of Equilibrium Cycle 
14. ANL Neg. No. 116-77-685 
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Fig . V-24. 

Doppler Coef f ic ien t over 2200-
4400K in To ta l ly Voided Core 
and Blankets of the LWR-Pu-
Fueled CRBR a t t h e Beginning of 
Equil ibr ium Cycle 14. ANL Neg. 
No. 116-77-684 
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F ig . V-25. 

Comparison of Doppler Coeff i 
c i e n t s over 2200-4400K in Voided 
Radial Blanket of the LWR-Pu-
Fueled CRBR Between the BOEC 14 
and EOEC 17. ANL Neg. No. 116-
77-687 
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5 -BOEC . RADIAL BLANKET HID-THKXNDB 
8 -EOBC . RADIAL aUNXET OUTBI aURIkCE 
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Fig. V-26. 

Axial Distribution of Steel 
Worth in Core of the LWR-Pu-
Fueled CRBR at the Beginning of 
Equilibrium Cycle 14. ANL Neg. 
No. 116-77-583 
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Fig. V-27. 

Axial Distribution of Steel 
Worth in Core and Blankets of 
the LWR-Pu-Fueled CRBR at the 
Beginning of Equilibrium Cycle 
14. ANL Neg. No. 116-77-600 
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F i g . V-28. 

Comparison of Steel Worth Dis
tributions in Radial Blanket of 
the LWR-Pu-Fueled CRBR Between 
the BOEC 14 and EOEC 17. ANL 
Neg. No. 116-77-601 
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8 -BOEC . BADIAL BUNKET OUTEB SURFACE 
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Fig. V-29. 

Distribution of Core Fuel Worth 
in Core of the LWR-Pu-Fueled 
CRBR at the Beginning of 
Equilibrium Cycle 14. ANL Neg. 
No. 116-77-595 
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Fig. V-30. 

Distribution of Core Fuel Worth 
in Core and Blankets of the 
LWR-Pu-Fueled CRBR at the 
Beginning of Equilibrium Cycle 
14. ANL Neg. No. 116-77-597 
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Fig . V I - 1 . 

Subassembly Power Fac tors fo r 
the LWP-Pu-Fueled CRBR a t the 
End of Equi l ibr ium Cycle 17, 
Unimproved Radial Blanket 
Compositions. ANL Neg. No. 
116-77-667 

F ig . VI-2 . 

Subassembly Peak-to-Average 
Power Density Ra t ios for the 
LWR-Pu-Fueled CRBR a t t h e 
End of Equi l ibr ium Cycle 17, 
Unimproved Radial Blanket 
Compositions. ANL Neg. No. 
116-77-680 
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Fig. VI-3. 

Subassembly Peak Power Factors 
for the LWR-Pu-Fueled CRBR at 
the End of Equilibrium Cycle 
17, Unimproved Radial Blanket 
Compositions. ANL Neg. No. 
116-77-681 

Fig . VI-4. 

Subassembly Power Factors for 
the LWR-Grade Plutonium Fueled 
Clinch River Breeder Reactor 
at the End of Equilibrium 
Cycle 17 with Improved Radial 
Blanket Compositions. ANL Neg. 
No. 116-77-651 
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Fig. VI-5. 

Subassembly Peak-to-Average 
Power Density Ratios for the 
LWR-Grade Plutonium Fueled 
Clinch River Breeder Reactor 
at the End of Equilibrium 
Cycle 17 with Improved Radial 
Blanket Compositions. ANL 
Neg. No. 116-77-650 

1025 ' 1035 • ' 1092 ' 1U7 ' 1-254 ' 1-118 

Fig. VI-6 

Subassembly Peak Power Factors 
for the LWR-Grade Plutonium 
Fueled Clinch River Breeder 
Reactor at the End of Equilib
rium Cycle 17. ANL Neg. No. 
116-77-632 
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Fig. VI-7. 

Axial Dis tr ibut ion of Power in 
Core of the LWR-Pu-Fueled CRBR 
at the End of Equilibrium 
Cycle 17. ANL Neg. No. 116-
77-688 
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Fig . VI-8. 

Axial D i s t r i bu t i on of Power in 
Lower Blanket of the LWR-Pu-
Fueled CRBR a t the End of 
Equilibrium Cycle 17. ANL 
Neg. No. 116-77-582 
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Fig. VI-9 

Axial Distribution of Power in 
Upper Blanket of the LWR-Pu-
Fueled CRBR at the End of 
Equilibrium Cycle 17. ANL Neg, 
No. 116-77-586 
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Fig. VII-1. 

Distribution of Sodium Void 
Worth in Core of the LWR-Pu-
Fueled CRBR at the End of 
Equilibrium Cycle 17. ANL 
Neg. No. 116-77-585 
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Fig. VI I -2 . 

D i s t r i bu t i on of Sodium Void 
Worth in Core and Blankets of 
the LWR-Pu-Fueled CRBR a t the 
End of Equilibrium Cycle 17. 
ANL Neg. No. 116-77-686 
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Fig. VII-3. 

Comparison of Void Worth Dis
tribution in Core of the LWR-
Pu-Fueled CRBR Between the 
BOEC 14 and EOEC 17. ANL 
Neg. No. 116-77-689 
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8 -EOEC . CENTRAL PORIWM OF SUBASSY NO 
9 -EOBC . CENTRAL PORTWN OF SUBASSY NO . 
10 -BOEC . CENTBAL PORTION OF SUBASSY NO . 

I (WARD IDENTinCATION) 

Fig. VII-4. 

Doppler Coefficient over 2200-
4400K in Unvoided Core of the 
LWR-Pu-Fueled CRBR at the End 
of Equilibrium Cycle 17. ANL 
Neg. No. 116-77-677 
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F i g . V I I - 5 . 

Doppler Coef f i c i en t over 2200-
4400K in Unvoided Core and 
Blankets of the LWR-Pu-Fueled 
CRBR a t the End of Equilibrium 
Cycle 17. ANL Neg. No. 116-
77-698 
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Fig. VI I -6 . 

Doppler Coefficient over 2200-
4400K in Tota l ly Voided Core 
of the LWR-Pu-Fueled CRBR a t 
the End of Equilibrium Cycle 
17. ANL Neg. No. 116-77-610 
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Fig. VII-7. 

Doppler Coefficient Over 2200-
4400K in Totally Voided Core 
and Blankets of the LWR-Pu-
Fueled CRBR at the End of 
Equilibrium Cycle 17. ANL 
Neg. No. 116-77-596 
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Fig . V I I - 8 . 

Comparison of Doppler Coeff i 
c i en t s over 2200-44OOK i n 
Unvoided Core of the LWR-Pu-
Fueled CRBR Between the BOEC 
14 and EOEC 17. ANL Neg. No. 
116-77-579 
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F i g . V I I - 9 . 

Comparison of Doppler Coef f i 
c i e n t s over 2200-4400K i n 
Voided Core o f the LWR-Pu-
Fueled CRBR Between t h e BOEC 
17 and EOEC 17. ANL Neg. No. 
116-77-703 
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Axial Distribution of Steel 
Worth in Core of the LWR-Pu-
Fueled CRBR at the End of 
Equilibrium Cycle 17. ANL 
Neg. No. 116-77-701 
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Fig. VII-11. 

Axial Distribution of Steel 
Worth in Core and Blankets of 
the LWR-Pu-Fueled CRBR at the 
End of Equilibrium Cycle 17. 
ANL Neg. No. 116-77-702 
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F i g . VI I -12 . 

Comparison of Steel Worth Dis
tributions in Core of the LWR-
Pu-Fueled CRBR Between the 
BOEC 14 and EOEC 17. ANL Neg. 
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Fig. VII-15. 

Comparison of Core Fuel Worths 
in Core of the LWR-Pu-Fueled 
CRBR Between the BOEC 14 and 
BOEC 17. ANL Neg. No. 116-77-
696. 
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TABLE II-l. Clinch River Breeder Reactor Full Power Parameters at Beginning of Life 

Thermal Power, MW 

Inlet Temperature, Degree F 

Outlet Temperature, Degree F 

Number of Subassemblies, 
Inner Core/Outer Core/Radial Blanket/ 
Primary Control/Secondar>' Control 

Subassembly Pitch, cm 

Axial Height, cm, 
Core/Radial Blanket/Axial Blanket 

Plutonium I s o t o p i c Composit ion, Weight %, 
238pu/239pu/2l.0pu/2'. lpu/2'*2pu 

S t a i n l e s s S t e e l Composit ion, Weight %, 
Fe/Cr/Ni/Mo/Mn 

Primary Control Volume F r a c t i o n s , 
Boron Carb ide /S tee l /Sod ium 

Boron I s o t o p i c Composit ion, Weight %, 
1 0 B / 1 1 B 

Boron-10 Mass, kg/Subassembly 

Parameter 

Mixed Oxide Fuel Mass, 1000 kg 

Pu/(U + P u ) , Weight 7. 

Uranium Isotopic Composition, Weight %, 
235u 

Volume Fractions 
Fuel + Gap 
Stainless Steel 
Sodium 

9 7 5 . 0 

710 

968 

1 0 8 / 9 0 / 1 5 0 / 1 5 / 4 

12 .1615 

9 2 . 0 3 8 / 1 6 3 . 4 6 0 / 3 5 . 7 1 1 

1 . 0 / 6 7 . 3 / 1 9 . 2 / 1 0 . 1 / 2 . 4 

6 4 . 7 5 / 1 7 . 5 0 / 1 3 . 5 0 / 2 . 5 0 / 1 . 7 5 

0 . 3 3 9 0 / 0 . 3 2 8 7 / 0 . 3 3 2 3 

Inner 
Core 

4.066 

18.7 

0.697 
99.303 

0.3488 
0.2345 
0.4167 

19.8/80, 

1.21 

Outer 
Core 

3.401 

27.1 

0.697 
99.303 

0.3488 
0.2345 
0.4167 

.2 

Lower 
Blanket 

3.076 

0.0 

0.220 
99.780 

0.3475 
0.2336 
0.4189 

Upper 
Blanket 

3.076 

0.0 

0.220 
99.780 

0.3497 
0.2553 
0.3950 

Radial 
Blanket 

18.503 

0.0 

0.220 
99.780 

0.5872 
0.1582 
0.2546 
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TABLE I I - 2 . S t e a d y S t a t e C o o l a n t T e m p e r a t u r e Used f o r 
E s t i m a t i n g I t s A x i a l D e n s i t y V a r i a t i o n i n 
Core S u b a s s e m b l i e s 

A x i a l P o s i t i o n i n t h e Coo lan t T e m p e r a t u r e Averaged 
R-Z Model of F i g . I I - 2 , cm Over A l l Core S u b a s s e m b l i e s , °K 

4 0 . 0 0 0 t o 7 5 . 7 1 1 650 

7 5 . 7 1 1 t o 87 .216 656 

87 .216 t o 9 8 . 7 2 1 672 

9 8 . 7 2 1 t o 1 1 0 . 2 2 5 689 

1 1 0 . 2 2 5 t o 121 .730 711 

121 .730 t o 1 3 3 . 2 3 5 733 

1 3 3 . 2 3 5 t o 144 .739 755 

144 .739 to 156 .244 772 

156 .244 t o 167 .749 789 

167 .749 t o 203 .460 794 

TABLE I I - 3 . Power and Reac t iv i t i e s by Region in the LWR-Pu-Fueled CRBR at the Beginning of Life 

Inner Outer Lower Upper Radial 
Power or React ivi ty Core Core Blanket Blanket Blanket Total 

1. Power, MW (thermal) 

2. Sodium Void Worth, Ak x lo^ 

3. Unvoided Doppler Coefficient Over the 
d k I 

Temperature Range 2200-4400°K, -Tr r x 10^ 41.59 12.64 4.97 3.10 6.60 68.90 

31.2 

11.55 

404.8 

-2.70 

7 . 7 

-1.45 

6 . 3 

-0.92 

25.0 

-1.79 

975.0 

4.69 

4. Voided Doppler Coefficient Over the 

fdk 
dT 
dk tx 

Temperature Range 2200-4400°K, -Trr " 10^ 
Ak 

5. Worth of Half S tee l , -r x 10^ 
k 

Ak 
6. Core Fuel Worth, — x 10^ 

24.91 

17.89 

62.0 

7.65 

-0.397 

187.3 

3.81 

1.58 

39.79 

2.57 

1.14 

29.74 

5.70 

2.39 

5.93* 

44.63 

-13.18 

524.8 

*Worth of radial blanket fuel in the radial blanket. 



TABLE II -4 . Sodium Void Worth, 1.0E3*Ak/k by Region In LWR-Pu-Fueled CRBR at BOL by Different Methods 

Inner Outer Lower Upper Radial 
Case Core Core Blanket Blanket Blanket Total Comnents 

1 10.93 -2.37 -1.06 -0.656 -1.51 5.34 Void worth in normal reactor by linearized 
leakage perturbation 

2 11.31 -3.74 -1.75 -1.13 -1.96 2.73 Void worth in core-and-blanket-voided 
reactor by linearized leakage perturbation 

3 11.55 -2.70 -1.45 -0.92 -1.79 4.69 By k-effective difference for removing 
sodium from normal reactor 

if g,(,5 By k-effective difference for removing 
sodium from normal reactor, without 
resonance self-shielding part 

5 2^90 By k-effectlve difference for removing 
sodium from normal reactor, resonance 
se l f -shie lding part only 

6 11.18 Same as case 3 but only 50X of normal 
Steel present in inner core 

y 11.87 Same as case 3 but 150X of normal s t ee l 
present in inner core 

g 0.934 Void worth of f i r s t lOX sodium removed from 
normal reactor by k-effective difference, 
without resonance se l f -shie lding part 

g 0.971 °̂̂ <' worth of last lOZ sodium by the same 
method as case 8 

10 12.12 -1.65 -1.01 -0.624 -1.42 7.42 Same method as case 1 but using Version 
IV cross-section set 1 

-1.42 -0.792 -0.492 -1.30 8.98 Same method as case 1 but using Version 
IV cross-section sat 2 
Same method as case 3 but using Version 
IV cross-section set 1 

Sane method as case 3 but using Version 
IV cross-section set 2 

Same method as case 4 but using Version 
IV cross-section set 1 

Same method as case 4 but using Varaion 
IV croaa-aection set 2 

11 

12 

13 

14 

15 

12.98 

13.00 

13.83 

10.64 

11.30 

Note- The Veraion III croas-aection set and the Version IV crosa-aection set 1 were generated using the narrow 
resonance approximation and the Veraion IV croaa-aection aet 2 was generated uaing RABANL Integral trana-
port theory neutron slowing down over the reaonance energy interval. 



TABLE II-5. Rough Percentage of Reactivity Components in CRBR Material Worths 
at Beginning of Life 

Material Worth 

Sodium Void 
Inner Core 
Outer Core 
Radial Blanket 

Steel Worth 
Inner Core 
Outer Core 
Radial Blanket 

Unvoided and Voided 
Inner Core 
Outer Core 
Blankets 

Core Fuel Worth 
Inner Core 
Outer Core 

Doppler 

Lower Axial Blanket 

Coeff. 

Leakage 

-61 
-327 
-204 

53 
4000 
175 

10 
17 
31 

Reactivity Components 

Spectral 

135 
182 
93 

-89 
-2200 
-53 

-25 
-12 
-16 

Capture 

28 
47 
11 

-64 
-1700 
-22 

-110 
-120 
-100 

-57 
-32 
-28 

Fission 
Abso rption 

1 
1 

-5 
-10 

-73 
-55 
-30 

Fission 
Source 

-3 
-3 

15 
30 

245 
183 
144 

Total 

100 
-100 
-100 

-100 
100 
100 

-100 
-100 
-100 

100 
100 
100 

Radial Blanket Fuel Worth 

Axial Blanket Fuel Worth 
Inner Core 
Outer Core 
Lower Axial Blanket 

631 -301 -333 -61 164 100 

23 
149 
983 

-59 
-119 
-544 

-111 
-248 
-720 

-29 
-74 
-104 

76 
192 
285 

-100 
-100 
-100 
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T/^LE II-6. Channel Definition for the Clinch 
River Breeder Reactor at the 

Beginning of Life 

Subassembly 
Identification 

1 

2 
6 

3 
7 

4 
8 
10 
15 

5 
11 
13 
14 
16 

9 
12 
17 
21 

18 
19 
20 
22 
23 
24 
68 

25 
26 
27 
28 
29 
30 
31 
32 

Row 

2 

3 
3 

4 
4 

5 
5 
5 
5 

6 
6 
6 
6 
6 

7 
7 
7 
7 

8 
8 
8 
8 
8 
8 
8 

9 
9 
9 
9 
9 
9 
9 
9 

Channel Numb 

Present Work 

1 

2 
2 

2 
2 

3 
3 
3 
3 

5 
4 
4 
4 
4 

6 
6 
6 
6 

8 
7 
7 
7 
7 
8 
5 

10 
9 
9 
10 
10 
10 
9 
9 

er 

PSAR 

3 

1 
1 

1 
1 

2 
2 
2 
2 

5 
4 
4 
4 
4 

5 
6 
5 
6 

3 
2 
2 
2 
2 
3 
5 

7 
6 
7 
7 
7 
7 
7 
6 



TABLE 11-7. Reactivity Worths Totaled by Channel in the LWR-Pu-Fueled 
Clinch River Breeder Reactor a t the Beginning of Life 

Channel 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Total 

Sodium void 

Case 1 

8.18 

23.18 

20.21 

21.07 

5.80 

22.36 

2.11 

1.05 

-17.72 

-17.72 

68.53 

Ak ^ ^Qi.(a) 

k 

Case 2 

9.64 

24.02 

18.30 

20.31 

4.73 

19.94 

-1.41 

-0.704 

-23.94 

-23.94 

46.94 

Unvoided Doppler 

coeff. -T ^ X IO"* 
al 

Case 3 

3.173 

15.050 

12.823 

8.280 

3.313 

6.408 

4.970 

2.485 

2.898 

2.898 

62.298 

Voided Doppli 
dk 

coeff. -T^ X 
dT 

Case 3 

1.992 

9.243 

7.851 

5.211 

2.074 

4.210 

3.083 

1.541 

1.867 

1.867 

38.939 

Br 

IO'' Steel wor 

Case 1 

-24.48 

-97.73 

-81.37 

-62.08 

-22.80 

-62.59 

-29.13 

-14.57 

24.17 

24.17 

-346.41 

^ Ak i„it(b) 
th —- X 10^^ 

k 

Case 2 

-23.98 

-88.73 

-73.15 

-54.16 

-18.60 

-56.64 

-20.2A 

-10.12 

34.72 

34.72 

-276.19 

Core fuel worth, 

^ x l 0 3 
k 

22.06 

85.13 

73.08 

62.81 

32.17 

48.93 

65.86 

32.93 

47.93 

47.93 

518.83 

u 

Includes the sodium in the intersubassembly duct wall gap a l so . 

Includes a l l the s t ee l in cladding, wrapper wires and subassembly duct. 

worth computed in the core-and-blankets voided reactor by l inear ized leakage per turbat ion. 



„dk 

Case 

TABLE II-8. Unvoided Doppler Coefficient, -^^ 

in LWR-Pu-Fueled CRBR at the Beginning of Life 

X IO** by Region Over Different Teinperature Ranges 

Inner 
Core 

Outer 
Core 

Lower 
Blanket 

Upper 
Blanket 

Radial 
Blanket Total 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

43 .42 

39 .76 

41 .59 

47 .46 

44 .94 

46 .82 

49 .87 

13 .19 

12.10 

12.64 

14 .72 

13 .95 

14 .64 

15 .46 

5 .45 

4 .49 

4 .97 

5.80 

5.49 

5.94 

5 .45 

3.39 

2 . 8 1 

3.10 

3.59 

3.40 

3.70 

3 .38 

7 .25 

5.95 

6.60 

8.24 

7.80 

8.72 

7.92 

72.69 

65 .11 

68 .90 

67 .94 

79 .81 

75 .58 

75 .58 

71.76 

79 .82 

82 .08 

Comments 

2200-4A00°K, perturbation using fluxes at 
2200"'K. 

2200-4400°K, perturbation using fluxes at 
4400''K. 

2200-4400"'K, average of cases 1 and 2. 

2200-4400°K, by k-effective difference. 

1100-2200°K, perturbation using fluxes at 
llOCK. 

1100-2200°K, by k-effective difference. 

1100-2200'*K, case 5 normalized to case 6. 

1100-4400°K, by k - e f f e c t i v e d i f f e r e n c e . 

1100-2200' 'K, same method as c a s e 5 b u t 
u s i n g V e r s i o n IV c r o s s - s e c t i o n s e t 1 . 

1100-2200°K, same method a s c a s e 5 b u t 
u s i n g V e r s i o n IV c r o s s - s e c t i o n s e t 2 . 



Case 

TABLE II-9. Voided Doppler Coefficient, -T-rr; x lO** by Region Over Different Temperature Ranges 

in LWR-Pu-Fueled CRBR at the Beginning of Life. 

Inner 
Core 

Outer 
Core 

Lower 
Blanket 

Upper 
Blanket 

Radial 
Blanket Total Comments 

25.89 

23.93 

24.91 

29.40 

28.05 

7.97 

7.34 

7.65 

9.27 

8.84 

4.15 

3.46 

3.81 

4.60 

4.39 

2.80 

2.34 

2.57 

3.09 

2.95 

6.21 

5.81 

5.70 

7.30 

6.96 

47.02 

42.25 

44.63 

44.32 

53.65 

51.19 

51.19 

47.75 

2200-4400°K, 
2200°K. 

2200-4400''K, 
4400°K. 

2200-4400°K, 

2200-4400''K, 

1100-2200°K. 
1100°K. 

1100-2200°K, 

1I00-2200°K, 

I100-4400''K, 

perturbation using fluxes at 

perturbation using fluxes at 

average of cases 1 and 2. 

by k-effectlve difference, 

perturbation using fluxes at 

by k-effective difference, 

case 5 normalized to case 6. 

by k-effective difference. 

Completely voided except for control subassemblies. 

TABLE 11-10. Doppler Coefficient Averaged Over 1100-4400°K, 
-1.0E4*T*dk/dT in LWR-Pu-Fueled CRBR at BOL 

for Different Stages of Voiding 

Stage of Voiding Total 
Inner 
Core 

(1) Unvoided, Sodium Volume Fraction = 0.4167 71.76 42.99 

(2) Inside of Core Subassemblies Voided Over Core 
Height, Sodium Volume Fi^action = 0.0870 56.54 

(3) Inside of Core and Radial Blanket Subassemblies 
Voided Over Core and Axial Blankets Height 53.03 29.56 

(4) Core and Radial Blanket Subassemblies Totally 
Voided Over Core and Axial Blankets Height 47.75 26.15 

(5) Core, Control, Radial Blanket and Restraint 
Subassemblies Totally Voided Over Core, Axial 
Blankets and Reflectors Height 41.98 20.93 



TABLE 11-11. Steel Worth, 1.0E3*Ak/k by Region in LWR-Pu-Fueled CRBR at BOL by Different Methods 

Inner Outer Lower Upper Radial 
Case Core Core Blanket Blanket Blanket Total Comments 

2 

3 

4 

5 

-17.50 

-17 .71 

-15.42 

-19 .21 

0.257 

-0.994 

0.84 

-2 .28 

1.98 

1.33 

1.99 

0.87 

-18.29 -1.05 1.18 0.832 2.09 -15.23 Worth of 50% steel in normal reactor by 
linearized leakage perturbation. 

1.45 2.68 -11.13 Worth of 50% steel in core-and-blanket-voided 
reactor by linearized leakage perturbation. 

0.98 2.15 -14.24 Worth of 50% steel in inner-core-voided 
reactor by linearized leakage perturbation. 

1.46 2.57 -8.56 Worth of 50% steel (removed) in inner-core-
voided reactor by exact leakage perturbation. 

0.64 1.81 -18.16 Worth of 50% steel (added) in Inner-core-
voided reactor by exact leakage perturbation. 

6 -16.66 0.735 1.79 1.25 2.50 -10.39 Worth of 50% steel (removed) in normal 
reactor by exact leakage perturbation. 

7 -19.40 -2.29 0.761 0.537 1.76 -18.63 Worth of 50% steel (added) in normal 
reactor by exact leakage perturbation. 

8 -18.583 Worth of 50% steel (removed) in normal 
reactor by k-effective difference. 

9 -17.916 Worth of 50% steel (added) in normal 
reactor by k-effective difference. 

10 -18.214 Worth of 50% steel (removed) in inner-core-
voided reactor by k-effective difference. 

11 -17.593 Worth of 50% steel (added) in inner-core-
voided reactor by k-effective difference. 

12 -3.591 Worth of 10% steel (removed) in inner-core-
voided reactor by k-effective difference. 

13 -37.098 Worth of 100% steel (removed) in inner-core-
voided reactor by k-effective difference. 

14 -19.58 -1.72 1.09 0.768 1.97 -17.48 Worth of 50% steel, same method as case (1) 
but using Version IV cross-section set 1. 

15 -19.10 -1.20 1.22 0.854 2.22 -16.02 Worth of 50% s t e e l , same method as case (1) 
but using Version IV c r o s s - s e c t i o n s e t 2 . 



TABLE III-l. Comparison of Power and Reactivities by Region Between LWR-Pu-Fueled 
and FFTF-Pu-Fueled CRBR at the Beginning of Life 

Power or Reactivity 
Fuel 

Type 

Inner 
Core 

Outer 
Core 

Lower 
Blanket 

Upper 
Blanket 

Radial 
Blanket Total 

Power, MWt 

Sodium void worth in normal reactor, 

k 
^ x 103 

Unvoided Doppler coe f f i c i en t over 
dk I 

2200-A400°K, -T^^ x lo'* 
al 

a 
Voided Doppler coefficient over 

2200-4400''K, - T ^ x lO^ 
dl 

Worth of half steel in normal 

reactor, — x 10^ 

Core fuel worth in the core-and-

blankets-voided reactor, — x 10^ 

FFTF 
LWR 

FFTF 
LWR 

FFTF 
LWR 

FFTF 
LWR 

FFTF 
LWR 

FFTF 
LWR 

531.5 
531.2 

11.83 
10.93 

40.18 
41.59 

23.89 
24.91 

-18.61 
-18.29 

263.8 
262.0 

404.5 
404.8 

-2.05 
-2.37 

12.16 
12.64 

7.30 
7.65 

-1.15 
-1.05 

187.5 
187.3 

7.7 
7.7 

-1.03 
-1.06 

4.87 
4.97 

3.72 
3.81 

1.18 
1.18 

39.58 
39.79 

6.3 
6.3 

-0.638 
-0.656 

3.04 
3.10 

2.51 
2.57 

0.829 
0.832 

29.64 
29.74 

25.0 
25.0 

-1.A9 
-1.51 

6.45 
6.60 

5.54 
5.70 

2.08 
2.09 

5.92^ 
5.93^ 

975.0 
975.0 

6.63 
5.34 

66.70 
68.90 

42.96 
44.63 

-15.68 
-15.23 

526.5 
524.8 

Average of perturbation calculations at both temperatures. 

Radial blanket fuel in radial blanket. 



Channel 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Total 

TABLE III-2. Reactivity Worths Totalled by Channel in the FFTF-Pu-Fueled 
Clinch River Breeder Reactor at the Beginning of Life 

Sodium void in 
normal reactor, 

^ X 10-* 

8.82 

25 .87 

2 2 . 5 3 

2 2 . 8 5 

6 .54 

23 .84 

3 . 3 2 

1.66 

- 1 7 . 1 3 

- 1 7 . 1 3 

8 1 . 1 6 

Unvoided i 
Doppler c o e f f . 

- T - ^ X IO"* 
dT 

3.072 

14.599 

12 .430 

8.002 

3.199 

6.184 

4.792 

2.396 

2 .791 

2 .791 

60 .255 

Voided , 
Doppler c o e f f . 

T ^ 
dT 

1. 

8. 

7. 

5, 

1, 

4, 

2, 

1, 

1 

1 

37 

x IO"* 

917 

907 

,560 

.006 

.989 

.040 

.951 

.475 

.784 

.784 

.414 

Ak C "R- 1 rsU 

S t e e l wor th —r x 10'* 
normal 
reactor 

k 
voided" 
reactor 

-24.98 

-99.64 

-83.03 

-63.33 

-23.31 

-63.51 

-29.92 

-14.96 

23.79 

23.79 

-355.11 

-24.54 

-90.83 

-74.93 

-55.37 

-19.07 

-57.46 

-20.90 

-10.45 

34.43 

34.43 

-284.70 

Core 
fuel worth, 

k 
^ x 103 

22.19 

85.62 

73.45 

63.12 

32.26 

49.14 

65.92 

32.96 

47.93 

47.95 

520.53 

^Includes sodium in the intersubassembly duct wall gap also. 

''over the range 2200-4400''K and obtained by averaging perturbation calculations at both temperatures. 

'̂ Includes all the steel in cladding, wrapper wires and subassembly duct. 

T̂he core and the axial and radial blankets are totally voided. 



TABLE IV-1.a.Number of Cycles of Burnup at the End of Cycles 1 t o 7 
for Core and Radial Blanket Subassembly Locations 

Burnup in Number of Cycles Burnup in Number of Cycles Burnup in Number of Cycles 
Subass'y a t the End of Cycles Subass'y at the End of Cycles Subass'y a t the End of Cycles 

I.D. 1 2 3 4 5 6 7 I .D. 1 2 3 4 5 6 7 I .D. 1 2 3 4 5 6 7 

21 1 2 1 2 1 2 1 39 
22 1 2 1 2 1 2 1 40 

3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

2 
2 
2 
2 
2 
2 
1 
1 
1 
1 
1 
2 
1 
2 
1 
2 
2 
1 

1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
1 
2 
1 
2 
1 
1 
2 

2 
2 
2 
j . 

2 
2 
1 
1 
1 
1 
1 
2 
1 
2 
1 
2 
2 
1 

1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
1 
2 
1 
2 
1 
1 
2 

2 
2 
2 
2 
2 
2 
1 
1 
1 
1 
1 
2 
1 
2 
1 
2 
2 
1 

1 
3 
1 
1 
3 
1 
2 
2 
2 
2 
2 
3 
2 
1 
2 
3 
1 
2 

23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
68 
33 
34 
35 
36 
37 
38 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
2 
2 
1 
1 
1 
1 
2 
1 
2 
2 
2 
2 
2 
2 
2 

2 
2 
1 
1 
2 
2 
2 
1 
1 
2 
1 
1 
3 
3 
1 
3 
1 

1 
1 
2 
2 
1 
1 
1 
2 
2 
1 
2 
2 
1 
1 
2 
4 
2 

2 
2 
1 
1 
2 
2 
2 
1 
1 
2 
1 
1 
2 
2 
3 
5 
3 

1 
1 
2 
2 
1 
1 
1 
2 
2 
1 
2 
2 
1 
1 
1 
6 
1 

2 
2 
1 
1 
2 
2 
2 
1 
3 
2 
3 
1 
2 
2 
2 
1 
2 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
59 
60 
61 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

1 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

2 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

1 
3 
5 
5 
5 
5 
5 
5 
5 
3 
1 
5 
5 
5 
5 
5 
5 

2 
4 
3 
3 
4 
6 
4 
3 
3 
4 
2 
6 
6 
6 
6 
6 
6 

1 
3 
4 
4 
5 
7 
5 
4 
4 
3 
3 
7 
7 
5 
5 
7 
7 

VO 



a b e 
TABLE I V - l . b . Number of Cycles of Burnup at the End of Cycles 8 to 13 

for Core and Radial Blanket Subassembly Locations 

S u b a s s ' y 
I . D . 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

Burnup 

8 

1 
3 
2 
1 
2 
2 
1 
2 
1 
3 
1 
3 
3 
1 

a t 
9 

2 
1 
3 
2 
3 
3 
2 
3 
2 
1 
2 
1 
1 
2 

i n Number 
t h e End 

10 

3 
2 
1 
3 
1 
1 
3 
1 
3 
2 
3 
2 
2 
3 

of 
11 

1 
3 
2 
1 
2 
2 
1 
2 
1 
3 
1 
3 
3 
1 

of Cyc 
Cyc les 

12 

2 
1 
3 
2 
3 
3 
2 
3 
2 
1 
2 
1 
1 
2 

l e s 

13 

3 
2 
1 
3 
1 
1 
3 
1 
3 
2 
3 
2 
2 
3 

S u b a s s ' y 
I . D . 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
68 
33 

Burnup 

8 

2 
2 
3 
1 
2 
2 
3 
1 
3 
2 
1 
3 
1 
2 

a t 
9 

3 
3 
1 
2 
3 
3 
1 
2 
1 
3 
2 
1 
2 
1 

i n Number 
t h e End 

10 

1 
1 
2 
3 
1 
1 
2 
3 
2 
1 
3 
2 
3 
2 

of 
11 

2 
2 
3 
1 
2 
2 
3 
1 
3 
2 
1 
3 
1 
1 

of Cyc 
Cyc le s 

12 

3 
3 
1 
2 
3 
3 
1 
2 
1 
3 
2 
1 
2 
2 

l e s 

13 

1 
1 
2 
3 
1 
1 
2 
3 
2 
1 
3 
2 
3 
1 

S u b a s s ' y 
I . D . 

39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 

Burnup 

8 

1 
1 
2 
4 
3 
3 
6 
4 
6 
3 
3 
4 
1 
5 

a t 
9 

2 
2 
1 
3 
4 
4 
4 
5 
4 
4 
4 
3 
2 
6 

i n Number 
t h e End 

10 

1 
1 
2 
4 
3 
3 
5 
6 
5 
3 
3 
4 
3 
5 

of 
1 1 

2 
2 
1 
3 
4 
4 
6 
4 
6 
4 
4 
3 
1 
6 

o f Cyc 
C y c l e s 

12 

1 
1 
2 
4 
3 
3 
4 
5 
4 
3 
3 
4 
2 
5 

l e s 

13 

2 
2 
1 
3 
4 
4 
5 
6 
5 
4 
4 
3 
3 
6 

15 3 1 2 3 1 2 34 1 2 1 2 1 2 53 5 6 
16 2 3 1 2 3 1 35 1 2 1 2 1 2 54 6 5 
17 3 1 2 3 1 2 36 3 1 2 3 1 2 59 6 5 
18 1 2 3 1 2 3 37 2 3 4 5 6 1 60 5 6 
19 2 3 1 2 3 1 38 3 1 2 3 1 2 61 5 6 
20 3 1 2 3 1 2 

Number of cycles of burnup at the beginning of cycle is one less than the tabulated value. 

Cycle 8 is the first cycle to approach equilibrium as far as burnup in number of cycles is concerned. 

O 

Cycle 14 Is the same as cycle 8. 
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TABLE IV-2. Radial Blanket Shuffling 
and Refueling Scheme 

Shuffling 
Path 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Subassembly Location 
(No. of cycles of 

residence in the location) 

-'•33(2)-̂ 50(2)-54(2)-<' 

->'34(2)-»A9(2)->'53(2)-> 

-»35(2)->48(2)-^52(2)-» 

-36(3)-47(3)-<' 

-37(6)-

-38(3)-45(3)-

-<-39(2)-44(2)-61(2)->' 

-40(2)-43(2)-60(2)-<' 

-41(2)-42(2)->'59(2)-<-

-«'51(3)-46(3)-

Note: An arrow on the left side of a 
subassembly location indicates 
charging of fresh fuel or loading 
of fuel burnt elsewhere into that 
location, and an arrow on the 
right indicates taking out for 
shuffling or discharging from 
the location. 

TABLE IV-3. Basic Input to Equilibrium Cycle Burnup Calculations 

Cycle length, days 

K-effective at the end of cycle 
with all control rods withdrawn 

274 

1.002 ± 0.0005 

Ratio of fresh charge enrichment of outer core, 
Pu-atoms/(U + Pu)-atoms, to that of Inner core 

Isotopic composition of Pu-feed for core, 
2 38pu/239p„/2i.0pu/2'.lpu/242pu ^/o 

1.4500 

1.006/67.428/19.156/ 
10.035/2.375 

I s o t o p i c composition of U-feed for core , 
235u/238u ^j^ <i.b'ill^<i.^^'i 

Isotopic composition of U-feed for axial and 
radial blankets, 235i,/238i, a/o 0.220/99.780 

Full atom density of (U + Pu) of fresh charge, 
inner core/outer core/axial blanket/ 
radial blanket, 10^^ atoms/cm^ 

0.20394/0.20461/ 
0.21791/0.22370 

Volume fractions for primary control rods, 
B^C/steel/sodium 

Boron isotopic composition, weight %, 
central control rod, B-10/B-lI 
control rods in row 7, B-lO/B-11 

0.3390/0.3287/0.3323 

19.8/80.2 
50.0/50.0 

Boron-10 mass, kg per con t ro l subassembly, 
c e n t r a l rod/row 7 con t ro l rod 1.21/3.07 



TABLE IV-4. Nuclear Reactions Considered in Burnup Calculations 

Reactions 

Primary Isotopes Secondar'y Isotopes 

239 Pu 2 3 5,1 

Tertiary Isotopes 

6 

1. (n,Y) 

2. (n , f ) 

3. (n,p) 

4. (n,a) 

5. (n,2n) 

6. B -decay 

7. S -decay 

8. a-decay 

X X X 

X X X 

I O 

X equals the specified reaction takes place. 

TABLE IV-5. Fission Product Yields and Atomic Weights 
Used In the Equilibrium Cycle Calculations 

Fission 
Product 

l^Sxe 

l-9Sm 

RSFP 

SSFP 

NSFP 

Neutron 

•'•"Pu Fiss ion 
Yield 

0.0715 

0.0130 

0.0134 

0.4010 

1.5011 

•\-2.878 

Atomic UelRht 

134.949 

148.965 

150.201 

122.739 

116.512 

1.009 

23Bu 
Yiald 

0.0645 

0.0113 

0.0050 

0.3760 

1.5432 

'V2.421 

Fiss ion 
Atomic Welsht 

134.949 

148.965 

150.534 

122.540 

116.302 

1.009 

file://�/-2.878


TABLE IV-6. Required Enrichments of the Fresh Charges, and Breeding Ratios 
in the Equilibrium Cycle of the LWR-Pu-Fueled CRBR 

Fresh charge enrichment, Pu/(U+Pu)w/o, inner core/outer core = 21.139/30.635 

Time, 
Day 

0.0 

68.5 

137.0 

205.5 

274.0 

Reactor 

1.097 

1.104 

1.118 

1.129 

1.140 

Breeding ratio excluding 
2 3 ^ destruction 

Inner 
Core 

0.339 

0.339 

0.338 

0.338 

0.339 

Outer 
Core 

0.162 

0.165 

0.169 

0.172 

0.176 

Axial 
Blanket 

0.219 

0.220 

0.223 

0.226 

0.228 

Radial 
Blanket 

0.377 

0.381 

0.387 

0.393 

0.397 

Conversion 
235u 

Inner 
Core 

0.657 

0.664 

0.679 

0.693 

0.707 

Outer 
Core 

0.412 

0.418 

0.431 

0.444 

0.457 

ratio excluding 
destruction 

Axial Radial 
Blanket Blanket 

8.294 5.916 

7.447 5.666 

6.210 5.228 

5.346 4.854 

4.708 4.533 

Fraction of 
full control 
concentration 

inserted 

0.2566 

0.1773 

0.1142 

0.0564 

0.0101 

to 
CO 
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TABLE IV-7. Heavy Metal Mass (kg) Inventory in the Equilibrium Cycle 
of the LWR-Pu-Fueled Clinch River Breeder Reactor 

I so 

1 . 

2 . 

3 . 

4 . 

5 . 

6. 

7. 

8. 

9 . 

10. 

1 1 . 

12 . 

1 3 . 

14 . 

1 5 . 

16 . 

17 . 

18 . 

19. 

20 . 

2 1 . 

22 . 

2 3 . 

24 . 

t o p e 

238p^ 

23 9p^ 

2'*"Pu 

2'*lPu 
242p^ 

23 5u 

238u 

236u 

2 3 7 N P 

Z-̂ lAm 

-̂̂ SAn, 

13 5xe 

l'*9sm 

RSFP^ 

SSFP^ 

NSFP^ 

RSFp'' 

SSFP 

NSFP*' 

2'*2Am 

13 6Xe 

2'*'*Cm 

13Scs 

ISOsm 

T o t a l 

Inne r c o r e 
BOEC/EOEC 

6 . 4 7 / 5 . 5 5 

4 7 2 . 6 9 / 4 3 9 . 3 9 

1 5 9 . 3 5 / 1 7 1 . 1 5 

6 0 . 6 5 / 4 8 . 2 9 

1 9 . 9 2 / 2 1 . 1 7 

1 4 . 8 5 / 1 1 . 0 4 

2699 .14 /2594 .42 

0 . 9 7 9 / 1 . 7 4 

0 . 5 0 5 / 0 . 9 5 3 

2 . 0 0 / 3 . 5 5 

0 . 7 3 6 / 1 . 4 5 

0 . 0 0 7 4 / 0 . 0 1 1 

1 . 0 2 / 1 . 8 8 

1 . 0 9 / 2 . 1 1 

2 6 . 6 1 / 5 1 . 7 0 

9 4 . 5 7 / 1 8 3 . 7 2 

0 . 0 5 6 / 0 . 1 0 8 

3 . 4 1 / 6 . 6 4 

1 3 . 2 9 / 2 5 . 8 6 

0 . 2 1 7 / 0 . 5 4 8 

- / - -

0 . 0 5 4 / 0 . 1 4 6 

5 . 8 5 / 1 1 . 3 8 

0 . 1 5 4 / 0 . 4 0 2 

3583 .62 /3583 .22 

Outer c o r e 
BOEC/EOEC 

8 . 2 1 / 7 . 3 3 

5 6 0 . 9 0 / 5 0 9 . 2 1 

1 8 5 . 4 4 / 1 9 2 . 9 9 

7 7 . 6 9 / 6 4 . 9 7 

2 3 . 4 5 / 2 4 . 5 5 

1 1 . 9 4 / 9 . 8 4 

2 0 1 2 . 4 8 / 1 9 6 0 . 1 8 

0 . 5 0 3 / 0 . 9 3 1 

0 . 3 1 0 / 0 . 5 9 7 

2 . 7 0 / 4 . 9 3 

0 . 5 4 7 / 1 . 0 9 

0 . 0 0 5 9 / 0 . 0 0 8 

0 . 8 3 9 / 1 . 5 7 

0 . 8 7 5 / 1 . 7 0 

2 1 . 4 0 / 4 1 . 4 8 

7 6 . 0 4 / 1 4 7 . 3 9 

0 . 0 3 2 / 0 . 0 6 3 

1 . 9 6 / 3 . 8 7 

7 . 6 4 / 1 5 . 0 8 

0 . 1 7 5 / 0 . 4 5 4 

__/__ 

0 . 0 2 4 / 0 . 0 6 7 

4 . 5 6 / 8 . 8 5 

0 . 0 7 5 / 0 . 2 0 0 

2 9 9 7 . 8 0 / 2 9 9 7 . 3 2 

A x i a l b l a n k e t s 
BOEC/EOEC 

0 . 0 1 2 / 0 . 0 3 2 

5 9 . 6 2 / 1 1 3 . 8 1 

2 . 0 7 / 5 . 4 8 

0 . 0 6 0 / 0 . 2 1 8 

0 . 0 0 1 / 0 . 0 0 5 

1 0 . 4 5 / 9 . 2 4 

5 3 3 9 . 7 2 / 5 2 7 0 . 6 8 

0 . 3 4 2 / 0 . 6 4 7 

0 . 1 3 3 / 0 . 2 6 2 

0 . 0 0 1 / 0 . 0 0 5 

— / - -

0 . 0 0 1 / 0 . 0 0 1 

0 . 0 6 3 / 0 . 1 4 4 

0 . 0 3 9 / 0 . 1 0 5 

0 . 9 5 7 / 2 . 5 8 

3 . 4 0 / 9 . 1 6 

0 . 0 1 4 / 0 . 0 2 9 

0 . 8 8 5 / 1 . 7 5 

3 . 4 5 / 6 . 8 0 

— / - -

- - / - -

__/__ 

0 . 3 5 4 / 0 . 8 3 4 

0 . 0 0 7 / 0 . 0 2 1 

5 4 2 1 . 5 7 / 5 4 2 1 . 7 9 

R a d i a l b l a n k e t 
BOEC/EOEC 

0 . 0 8 5 / 0 . 1 3 8 

2 5 0 . 4 9 / 3 4 1 . 7 3 

1 0 . 1 5 / 1 6 . 3 0 

0 . 3 1 6 / 0 . 5 8 8 

0 . 0 0 7 / 0 . 0 1 4 

3 0 . 1 6 / 2 8 . 2 5 

15963 .36 /15841 .80 

1 . 3 0 / 1 . 7 6 

0 . 7 4 6 / 1 . 0 3 

0 . 0 1 3 / 0 . 0 2 8 

- / - -

0 . 0 0 2 / 0 . 0 0 2 

0 . 3 3 8 / 0 . 5 0 4 

0 . 2 2 0 / 0 . 3 5 7 

5 . 3 8 / 8 . 7 2 

1 9 . 1 1 / 3 0 . 9 9 

0 . 0 7 4 / 0 . 1 0 4 

4 . 5 6 / 6 . 3 5 

17 .76 /2A.73 

0 . 0 0 1 / 0 . 0 0 2 

— / — 

— / - -

1 . 9 1 / 2 . 9 1 

0 . 0 4 0 / 0 . 0 7 1 

16306 .00 /16306 .37 

239pu f i s s ion products . 

2 3̂ U f i s s ion products . 
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TABLE IV-8. Comparison with PSAR Calculation of Heavy Metal Mass (kg) Inventory at 
the Beginning of Equilibrium Cycle for the LWR-Pu-Fueled CRBR 

I s o t o p e 

2 3 8p^^ 

2 3 9pu 

'•'Opu 

2 ' ' l pu 

^ ^ P u 

23 5̂ -

2381, 

F i s s i o n 
p r o d u c t s 
t o t a l ^ 

Other 
heavy , 
m e t a l s 

T o t a l 

I n n e r c o r e 
P re sen t /PSAR 

6 . 4 7 / 6 . 6 

4 7 2 . 6 9 / 4 8 3 . 2 

1 5 9 . 3 5 / 1 6 4 . 7 

6 0 . 6 5 / 6 1 . 4 

1 9 . 9 2 / 2 0 . 9 

1 4 . 8 5 / 4 . 5 5 

2 6 9 9 . 1 4 / 2 6 7 4 . 0 

1 4 6 . 0 6 / 1 4 5 . 3 

4 . 4 9 / - -

3 5 8 3 . 6 2 / 3 5 6 0 . 6 

O u t e r c o r e 
P re sen t /PSAR 

8 . 2 1 / 8 . 0 

5 6 0 . 9 0 / 5 8 6 . 1 

1 8 5 . 4 4 / 1 9 0 . 8 

7 7 . 6 9 / 8 2 . 0 

2 3 . 4 5 / 2 4 . 3 

1 1 . 9 4 / 3 . 8 0 

2 0 1 2 . 4 8 / 1 9 9 3 . 4 

1 1 3 . 4 3 / 9 6 . 7 

4 . 2 6 / — 

2 9 9 7 . 8 0 / 2 9 8 5 . 1 

A x i a l b l a n k e t s 
P re sen t /PSAR 

0 . 0 1 2 / - -

5 9 . 6 2 / 5 2 . 7 

2 . 0 7 / 1 . 0 2 

0 . 0 6 0 / - -

0 . 0 0 1 / - -

1 0 . 4 5 / 1 0 . 6 9 

5 3 3 9 . 7 2 / 5 3 4 0 . 0 

9 . 1 7 / 5 . 4 3 

0 . 4 7 6 / - -

5 4 2 1 . 5 7 / 5 4 0 9 . 8 

R a d i a l b l a n k e t 
P resen t /PSAR 

0 . 0 8 5 / - -

2 5 0 . 4 9 / 2 6 2 . 4 

1 0 . 1 5 / 1 0 . 5 

0 . 3 1 6 / - -

0 . 0 0 7 / - -

3 0 . 1 6 / 2 9 . 9 5 

1 5 9 6 3 . 3 6 / 1 5 9 5 4 . 0 

4 9 . 3 9 / 4 6 . 0 

2 . 0 6 / — 

16306.00/16302.85*^ 

^Includes ^^He, '̂'̂ Sm, all lumped fission products, ^^^Xe, ^^^Cs 

''includes 236u^ 237up^ 241^^^ 242^5,, 24 3̂ ,̂ and ^'"•Cm. 

PSAR shows an incorrect total of 16310.8. 

and ISOsni. 

TABLE I V - 9 . P l u t o n i u m I s o t o p i c C o m p o s i t i o n (Weight P e r c e n t ) i n 
t h e E q u i l i b r i u m Cyc le of t h e LWR-Pu-Fueled CRBR 

I s o t o p e 

" 8 p ^ 

2 39p^ 

240p^. 

^ ' ' iPu 

^"^Pu 

I n n e r 
BOEC 

0 . 9 0 0 

6 5 . 7 3 5 

2 2 . 1 6 0 

8.434 

2 .770 

c o r e 
EOEC 

0 .810 

64 .09 3 

2 4 . 9 6 5 

7.044 

3 .088 

Oute r 
BOEC 

0 .959 

65 .550 

2 1 . 6 7 1 

9 .079 

2 . 7 4 1 

c o r e 
EOEC 

0 .917 

63 .727 

24 .152 

8 . 1 3 1 

3.072 

A x i a l 
BOEC 

0.019 

9 6 . 5 3 0 

3 .352 

f).097 

0 .002 

b l a n k e t s 
EOEC 

0 .027 

9 5 . 2 0 3 

4 .584 

0 .182 

0 .004 

R a d i a l 
BOEC 

0 . 0 3 3 

9 5 . 9 5 6 

3 .888 

0 . 1 2 1 

0 . 0 0 3 

b l a n k e t 
EOEC 

0 .038 

9 5 . 2 5 0 

4 . 5 4 3 

0 .164 

0 .004 



TABLE IV-10. Comparison with PSAR Claculation of Plutonium Buildup (kg) 
in the Equilibrium Cycle of the LWR-Pu-Fueled CRBR 

I s o t o p e 

2 38pu 

2 3 9 p u 

2'*0pu 

2'»lPu 

2'»2pu 

T o t a l 

I n n e r c o r e 
P r e s e n t / P S A R 

- 0 . 9 2 / a 

- 3 3 . 3 0 / a 

1 1 . 8 0 / a 

- 1 2 . 3 6 / a 

1 . 2 5 / a 

- 3 3 . 5 3 / a 

Outer c o r e 
P r e s e n t / P S A R 

- 0 . 8 8 / a 

- 5 1 . 6 9 / a 

7 . 5 5 / a 

- 1 2 . 7 2 / a 

1 . 1 0 / a 

- 5 6 . 6 4 / a 

A x i a l b l a n k e t s 
P r e s e n t / P S A R 

0 . 0 2 0 / — 

5 4 . 1 9 / 4 8 . 9 

3 . 4 1 / 2 . 5 8 

0 . 1 5 8 / — 

0 . 0 0 4 / — 

5 7 . 7 8 / 5 1 . 4 8 

R a d i a l b l a n k e t 
P r e s e n t / P S A R 

0 . 0 5 3 / — 

9 1 . 2 4 / 8 9 . 7 

6 . 1 5 / 5 . 0 4 

0 . 2 7 2 / — 

0 . 0 0 7 / — 

9 7 . 7 2 / 9 4 . 7 4 

Not available. IO 
as 

TABLE IV-11 . I s o t o p i c Composit ion and Tota l Mass of Plutonium in the Discharged Subassembl ies 
a t the End of an Average* Equi l ibrium Cycle for the LWR-Pu-Fueled CRBR 

I so tope 

238pu 

239pu 

240pu 

2"lpu 

242pu 

Total 

Inner 
Core 

0 . 7 3 0 

62 .385 

27 .547 

5 .995 

3. 342 

100. 

I s o t o p i c compos i t i on , w/o 
Outer 
Core 

0 .876 

61 .865 

26 .580 

7 .296 

3 .383 

100 . 

Axia l 
Blankets 

0 .035 

93.784 

5 .901 

0 . 2 7 3 

0 .007 

100. 

Radial 
Blanket 

0 .054 

93 .367 

6 .293 

0 .278 

0 .007 

100. 

Mass of 
Inner 
Core 

1.60 

136 .57 

6 0 . 3 1 

13 .12 

7.32 

218 .92 

plutonium 
Outer 
Core 

2 .18 

154 .37 

6 6 . 3 3 

18 .20 

8 .44 

2 4 9 . 5 3 

d i s c h a r g e d . 
Axia l 

B l a n k e t s 

0 .020 

54 .19 

3 .41 

0 .158 

0 .004 

5 7 . 7 8 

kR 
Radial 

Blanket 

0 . 0 5 3 

91 .24 

6 .15 

0 .272 

0 .007 

9 7 . 7 2 

*The r a d i a l b l a n k e t I s assumed to be r e f u e l e d p r e c i s e l y In s i x t h s . 



127 

TABLE IV-12. Subassembly Burnup In the Equil ibrium Cycle 
of the LWR-Pu-Fueled CRBR 

Subassemblies 
and a x i a l r e s i 

Rows 2 and 3: 

Rows 4 and S: 

Rows 6 and 7: 

Rows 8 and 9: 

Radial b l a n k e t : 

.on 

A 

B 

C 

D 

A 

B 

C 

D 

A 

B 

C 

D 

A 

B 

C 

D 

A 

B 

C 

D 

1 

53.52 

34.94 

3.103 

1.010 

49.77 

32.42 

2.786 

0.909 

42.29 

27.04 

2.180 

0.694 

44.12 

27.44 

1.359 

0.374 

1.503 

0.727 

0.318 

0.100 

Burnup, MWD/kg a f t e r 
of cycles of 

2 

101.18 

67.15 

8.556 

2.820 

94.38 

62.46 

7.628 

2.519 

80.74 

52.37 

5.821 

1.884 

83.46 

52.89 

3.445 

0.963 

3.733 

1.735 

0.749 

0.229 

3 

144.55 

97.20 

15.895 

5.332 

135.16 

90.57 

14.144 

4.750 

116.21 

76.29 

10.693 

3.520 

118.93 

76.63 

6.176 

1.752 

6.613 

3.007 

1.287 

0.386 

the s p e c i f i e d 
res idence 

4 

10.073 14 

4.524 6 

1.929 2, 

0.570 0, 

number 

5 

.050 

.269 

.669 

.782 

18 

8, 

3. 

1, 

6 

.488 

.228 

.502 

.019 

A. Average over the a x i a l region 110.225 < Z < 121.730 cm, 
a x i a l maximum (Fig . IV-1). 

B. Average over the a x i a l region 75.711 < Z < 87.216 cm. 
C. Average over the a x i a l region 57.856 < Z < 75.711 cm. 
D. Average over the a x i a l region 40.000 •= Z < 57.856 cm. 

an es t imate of the 

TABLE IV-13. Required Enrichments of Che Fresh Charges, and Breeding Ratios Obtained in the 
Improved Equilibrium Cycle Calculations of the LWR-Pu-Fueled CRBR 

Fresh charge enrichment, Pu/(IJ+PU)W/Q, inner core/outer core = 21.159/30.663 

Time, 
Day 

0 .0 

68.5 

137.0 

205.5 

274.0 

1.096 

1.103 

1.115 

1.126 

1.135 

Breeding r a t i o excluding 
2 3 5jj des t ruc t ion 

Inner 
Core 

0.335 

0.335 

0.336 

0.337 

0.337 

Outer 
Core 

0.165 

0.166 

0.170 

. 0.173 

0.175 

Axial 
Blankets 

0.218 

0.219 

0.222 

0.225 

0.227 

Radial 
Blanket 

0.378 

0.382 

0.387 

0.392 

0.396 

Conversion r a t i o exclu 
2 3 5[j dest ruct ion 

Inner 
Core 

0.655 

0.663 

0.678 

0.692 

0.706 

Outer 
Core 

0.413 

0.419 

0.432 

0.444 

0.457 

Axial 
Blankets 

8.347 

7.491 

6.241 

5.369 

4.725 

ding 

Radial 
Blanket 

5.904 

5.611 

5.109 

4.697 

4.352 

Fraction of 
fu l l control 
concentration 

inser ted 

0.3142 

0.2180 

0.1387 

0.0664 

0.0073 
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TABLE IV-14. Hea'vy Meta l Mass (kg) I n v e n t o r y In the 
R a d i a l B l a n k e t of the LWR-Pu-Fueled CRBR 
for the Improved* Equilibrium Cycle 
Calcula t ion 

Isotope 

1. 238pu 

2. 239pu 

3. 2'tOpu 

4. 241pu 

5. 2'*2pu 

6. 235u 

7. 238u 

8. 236u 

9. 237ĵ p 

10. 2'tlAm 

11. 24 3Am 

12. 13 5xe 

13. l'*9Sm 

14. RSFP^ 

15. SSFP^ 

16. NSFP^ 

17. RSFP 

18. SSFP^ 

19. NSFP'̂  

20. 2 4 2 ^ 

21. 13^X6 

22. 2t4cn, 

23. 135cs 

24. ISOsm 

25. Fission 
products 
total 

Total 

Improved calculation 
BOEC/EOEC 

0.126/0.184 

295.35/386.0 

13.15/19.57 

0.424/0.726 

0.009/0.017 

29.33/27.43 

15900.48/15778.80 

1.47/1.93 

0.943/1.22 

0.019/0.039 

/ 

0.002/0.002 

0.440/0.605 

0.296/0.436 

7.25/10.66 

25.75/37.88 

0.095/0.124 

5.81/7.62 

22.64/29.67 

0.001/0.002 

/ 

/ 

2.52/3.53 

0.058/0.093 

64.86/90.62 

16306.16/16306.54 

PSAR calculation 
BOEC 

262.4 

10.5 

29.95 

15954. 

46.0 

16302.85 

2 39pu f i s s i on products . 2 35u f i s s i o n products , 

*Detal ls of shuf f l ing of r ad i a l blanket subassemblies 
modelled. 



TABLE IV-15. Isotopic Composition and Total Mass of Plutonium in the Subassemblies 
Discharged from the Radial Blanket for the Improved Equilibrium Cycle 
Calculation of the LWR-Pu-Fueled CRBR 

Isotope 

2 3 8p^ 

Z3 9pu 

2'*0Pu 

2'*lpu 

2'*2PU 

Total 

Improved 
Isotopic 

composition, 
w/o 

0.059 

93.034 

6.589 

0.310 

0.008 

100.00 

calculation 
Mass 

discharged, 
kg 

0.058 

90.65 

6.42 

0.302 

0.008 

97.44 

Unimproved 
Isotopic 

composition, 
w/o 

0.054 

93.367 

6.293 

0.278 

0.007 

100.00 

calculation 

di 
Mass 
scharged, 
kg 

0.053 

91.24 

6.15 

0.272 

0.007 

97.72 

PSAR cal 
Isotopic 

composition, 
w/o 

94.680 

5.320 

100.00 

filiation 
Mass 

discharged, 
kg 

89.7 

5.04 

94.74 

TABLE IV-16. Axial Maximum Burnup of the Radial Blanket Subassemblies for the 
Improved Equilibrium Cycle Calculation of the LWR-Pu-Fueled CRBR 

Subassembly 
identification 

33,34,35,39,40,41 

42,43,44,48,49,50 

52,53,54,59,60,61 

37 

36,38,51 

45,46,47 

Burnup, MWD/kg after the specified number of 
1 

2.447 

4.083 

2.309 

2 3 4 

6.231 -| 

'-^ 8.790 11.719 -

10.227 18.061 27.276 

5.945 10.716 -, 

'^13.790 

cycles of 
5 

-^-13.965 

37.613 

17.167 

residence 
6 

16.356 

48.860 

20.822 



TABLE V-1 Radial Structure of the R-Z Model of the Hot Full Power LWR-Pu-Fueled CRBR at 
BOEC 14 Used for Power and Reactivity Coefficient Distribution Calculations 

Annulus Subassembly „ Burnup „ ^ ^ Outer Radius 
„ . , ., , .r. . Row ^ Number of <̂  A i ̂  Serial No. Identification Stage ^ , ... of Annulus ° Subassemblies 

Central 1 - 1 6.385 
control rod 

1 2 1 7 16. 894 

13 23.022 

19 27.833 

25 31.926 

31 35.552 

6 Control rods 4 - 37 38.840 

of Row 4 

10,15 5 3 49 44.697 



TABLE V - 1 ( C o n t d ) 

Annulus 
Serial No. 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

Subassembly 
Identification 

8 

4 

13 

16 

11,14 

3 control rods 
at flats of 
row 7 

21 

5 

2 Control rods 
corners of row 

9 

12 

3 Control rods 
flats of row 7 

18,24 

17 

2 Control rods 
corners of row 

22 

at 
7 

at 

at 
7 

Row 

5 

5 

6 

6 

6 

7 

7 

6 

7 

7 

7 

7 

8 

7 

7 

8 

Burnup 
Stage 

2 

1 

3 

2 

1 

— 

2 

2 

-

1 

3 

-

1 

3 

-

2 

Cumulative 
Number of 
Subassemblies 

55 

61 

67 

73 

85 

88 

94 

100 

102 

108 

114 

117 

129 

135 

137 

143 

Outer Radius 
of Annulus 

47.354 

49.870 

52.266 

54.556 

58.869 

59.899 

61.907 

63.853 

64.488 

66.357 

68.176 

69.067 

72.523 

74.190 

74.737 

76.356 



TABLE V-1 (Contd) 

Annulus 
Serial No. 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

Subassembly 
Identification 

23,32 

20 

2 Control rods 
corners of row 

68 

19,25,26 

28,31 

30 

27,29 

34,35,39,40,51; 
33,37,41; 
36,38 

43,44,48,49; 
42,50 

46; 
52,53,60,61; 
45,47,54,59; 

at 
7 

20 cm thick 
radial reflector 

Row 

8,9 

8 

7 

8 

8,9,9 

9 

9 

9 

radial 
blanket 

radial 
blanket 

radial 
blanket 

radial 
restraint 

Burnup 
Stage 

3 

3 

-

1 

2 

1 

2 

3 

1 
2 
3 

3 
4 

4 
5 
6 

-

Cumulative 
Number of 
Subassemblies 

155 

161 

163 

169 

187 

199 

205 

217 

277 

313 

367 

-

Outer Radius 
of Annulus 

79.496 

81.020 

81.521 

83.008 

87.317 

90.075 

91.423 

94.061 

106.272 

112.967 

122.324 

142.324 



TABLE V-2 Power by Reactor Region, MWt in the LWR-Pu-Fueled CRBR at the 
Beginning of Equilibrium Cycle 14 by Different Methods 

Case 
Inner Outer 
Core Core 

Lower Upper Radial 
Blanket Blanket Blanket 

Total Comments 

1 508.5 376.0 19.4 11.8 59.0 975.0 R-Z model calculation in the normal reactor at 
1100°K 

530.5* 386.9* 57.6 975.0 2-D triangular mesh calculation in the normal 
reactor at 1100°K 

Includes extrapolation thicknesses at top and bottom. 

TABLE V-3. Summary of K-Effective of the LWR-Pu-Fueled CRBR at BOEC 14 
Based on the R-Z Model and Version III Cross-Sections 

CO 

Case 

1 

2 

3 

4 

5 

6 

Fuel 
temperature 

llOO'K 

2200''K 

4400''K 

1100°K 

2200''K 

4400''K 

Sodium in core 
and blankets 

normal 

normal 

normal 

voided 

voided 

voided 

K-effective 

1.003746 

0.999403 

0.995454 

1.014458 

1.011458 

1.008829 
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TABLE V-4. Definition of SAS Channels at the Beginning 
and End of the Equilibrium Cycle 

Subassembly 
Identification Row 

BOEC 
This Work 

Channel Number 
EOEC 

PSAR This Work PSAR 

2 
6 

3 
7 

4 
8 
10 
15 

5 
11 
13 
14 
16 

9 
12 
17 
21 

18 
19 
20 
22 
23 
24 
68 

25 
26 
27 
28 
29 
30 
31 
32 

3 
3 

4 
4 

5 
5 
5 
5 

6 
6 
6 
6 
6 

7 
7 
7 
7 

8 
8 
8 
8 
8 
8 
8 

9 
9 
9 
9 
9 
9 
9 
9 

3 
2 

2 
1 

5 
4 
3 
3 

4 
5 
6 
5 
4 

5 
6 
6 
10 

8 
7 
9 
7 
9 
8 
8 

10 
10 
10 
8 
10 
10 
8 
9 

2 
2 

2 
3 

5 
4 
4 
4 

6 
5 
6 
5 
6 

7 
6 
6 
6 

7 
8 
8 
8 
8 
7 
9 

10 
10 
10 
9 
10 
10 
9 
10 

2 
2 

2 
1 

3 
4 
4 
4 

7 
3 
4 
3 
4 

7 
9 
9 
7 

5 
6 
8 
6 
8 
5 
7 

8 
7 
10 
10 
10 
10 
10 
9 

2 
2 

3 
3 

5 
4 
4 
4 

6 
5 
6 
5 
6 

7 
7 
7 
7 

8 
9 
9 
9 
9 
8 
10 

9 
10 
10 
10 
10 
10 
10 
10 



TABLE V-5. Reactivity Worths Totalled by Channel in the LWR-Pu-Fueled 
Clinch River Breeder Reactor at BOEC 14 

Channel 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Total 

a 
Sodium void 

^ X 1 0 \ 
k 

Case 1 

17.15 

16.45 

24.36 

21.03 

25.92 

16.59 

1.44 

3.32 

4.18 

-8 .50 

121.92 

Unvo: 

coeff, 

Lded Doppler 

. - T ^ X 1 0 \ 
dT 

Case 3 

6.667 

6.531 

8.499 

5.513 

6.691 

4.011 

1.547 

3.793 

2.389 

3.956 

49.597 

Voi( 

coeff 

ded Doppler 

. - T ^ X 1 0 \ 
dT 

Case 3 

4.066 

4.012 

5.241 

3.382 

4.140 

2.507 

0.977 

2.424 

1.510 

2.587 

30.846 

S t e e l ^ worth ^ x 10"+ 
k 

Case 1 Case 2 

-54.65 

-53 .92 

-75.72 

- 5 6 . 2 1 

-66.02 

-44.34 

-9 .97 

-21.77 

-19 .84 

5.08 

-397.37 

-50 .48 

-48 .37 

-68.09 

-49.97 

-58 .69 

-38 .18 

-5 .80 

-11 .95 

-13 .24 

18.47 

-326 .31 

Core fue l worth 

—- X 103 
k 

Case 1 

49.34 

37.77 

41.84 

42.12 

65.66 

30.44 

26.06 

76.71 

34.96 

57.87 

462.77 

Case 2 

50.87 

39.99 

45.61 

44.91 

68.78 

33.18 

27.97 

81 .68 

37.79 

64.29 

495.07 

Includes the void worth of the sodium In the intersubassembly duct wall gap also. 

Includes the worth of all the steel In cladding, wrapper wires and subassembly duct, 



TABLE V-6. Sodium Void Worth, -^ x 103 by Region in LWR-Pu-Fueled CRBR at BOEC 14 by Different Methods 

Inner Outer Lower Upper Radial 
Case Core Core Blanket Blanket Blanket Total Comments 

13.96 -0.034 -1.14 -0.590 -1.13 11.06 Void worth in normal reactor at 1100°K 
by linearized leakage perturbation. 

10.71 Void worth in normal reactor at 1100°K 
by k-effective difference. 

TABLE V-7. Unvoided Doppler Coefficient, -Trr x 10** by Region Over Different Temperature Ranges in 
LWR-Pu-Fueled CRBR at BOEC 14 

Inner Outer Lower Upper Radial 
Case Core Core Blanket Blanket Blanket Total Comments 

1 33.73 9.05 6.95 

2 31.27 8.38 5.82 

3* 32.50 8.71 6.39 

4 

5 36.71 10.07 7.33 

7* 34.99 9.60 6.99 

8 

2.13 

1.85 

1.99 

2.23 

2.13 

8. 

6, 

7, 

9, 

8, 

.37 

.93 

,65 

.39 

.95 

60.23 

54.26 

57.25 

56.97 

65.73 

62.66 

62.66 

59.81 

2200-4400°K, 
at 2200'*K. 

2200-4400''K, 
at 4400°K. 

2200-4400°K, 

2200-4400"K, 

1100-2200'*K, 
at llOO'K. 

1100-2 200''K, 

1100-2200°K, 

1100-44 00''K, 

perturbation using fluxes 

perturbation using fluxes 

average of cases 1 and 2. 

by k-effectlve difference, 

perturbation using fluxes 

by k-effective difference, 

case 5 normalized to case 6, 

by k-effectlve difference. 

CO 
Os 

•Recommended v a l u e s f o r HCDA a n a l y s i s , 



TABLE V-8. Voided Doppler Coefficient, -TTJ: ^ 10** by Region Over Different Temperature Ranges in 
LWR-Pu-Fueled CRBR at BOEC 14 

Case 
Inner Outer Lower Upper Radial 
Core Core Blanket Blanket Blanket Total Comments 

1 

2 

3 * 

4 

5 

6 

7* 

8 

19.79 

18.51 

19.15 

22.46 

21.68 

5.54 

5.15 

5.34 

6.44 

6.22 

5.14 

4.35 

4.75 

5.62 

5.42 

1.71 

1.50 

1.60 

1.87 

1.80 

7.35 

6.20 

6.78 

8.46 

8.16 

39.53 2200-4400''K, perturbation using fluxes 
at 2200°K. 

35.71 2200-4400°K, perturbation using fluxes 
at 4400''K. 

37.62 2200-4400°K, average of cases 1 and 2. 

37.93 2200-44G0''K, by k-effective difference, 

44.83 1100-2200''K, p e r t u r b a t i o n u s ing f l uxes 
a t 1100°K. 

43.28 1100-2200'*K, by k - e f f e c t l v e d i f f e r e n c e . 

43.28 1100-2200°K, case 5 normalized t o case 6, 

40.60 1100-4400''K, by k - e f f e c t i v e d i f f e r e n c e . 

•Recommended values for HCDA a n a l y s i s . 

Core and b lanke ts completely voided except for con t ro l subassemblies . 

CO 



Ak 
TABLE V-9. Steel Worth, — x 103 by Region in LWR-Pu-Fueled CRBR at BOEC 14 by Different Methods 

Case 
Inner 
Core 

Outer 
Core 

Lower 
Blanket 

Upper 
Blanket 

R a d i a l 
B l a n k e t Total Comments 

-39.28 -4.55 2.40 

-37.20 -2.34 4.00 

-39.93 -4.63 2.38 

-37.83 -2.40 3.94 

1.70 3.11 -36.63 Worth of all steel in the unvoided reactor 
at 1100°K by linearized leakage perturbation. 

2.90 4.00 -28.63 Worth of all steel in the core-and-blanket-
voided reactor at 1100°K by linearized 
leakage perturbation. 

1.68 3.10 -37.40 Worth of all steel in the unvoided reactor 
at 2200"'K by linearized leakage perturbation. 

2.87 3.96 -29.45 Worth of all steel in the core-and-blanket-
voided reactor at 2200°K by linearized 
leakage perturbation. 

Ak 
TABLE V-10 . Core F u e l * Worth, — x 103 by Region in LWR-Pu-Fueled CRBR a t BOEC 14 by D i f f e r e n t Methods 

C^se 
Inner Outer Lower Upper Radial 
Core Core Blanket Blanket Blanket Total Comments 

1 

2 

3 

4 

244 .38 

254 .11 

245.79 

255 .05 

165 .64 

176.55 

166 .95 

177 .22 

35 .82 

41 .55 

35 .17 

4 1 . 0 3 

16 .94 

22 .86 

16 .87 

22 .79 

462.78 

495.07 

464.77 

496.09 

Worth of fuel at llOO'K in the unvoided 
reactor by perturbation. 

Worth of fuel at llOO'K in the core-and-
blanket-voided reactor by perturbation. 

Worth of fuel at 2200°K in the unvoided 
reactor by perturbation. 

Worth of fuel at 2200'*K in the core-and-
blanket-voided reactor by perturbation. 

*Burnt fuel In the central quarter of the core about the core midplane. 



Case 

TABLE VI-1. Power Distribution by Region (MW) in the LWR-Pu-Fueled Clinch 
River Breeder Reactor at EOEC 17 by Different Methods 

Inner Outer Lower Upper Radial 
Core Core Blanket Blanket Blanket Total Comments 

497.7 

488.1 

465.8 

463.9 

448.5 

389.3 

386.8 

365.8 

365.3 

371.5 

88.0 975.0 2-D triangular mesh calculation using 
unimproved radial blanket compositions 
and Version III cross-sections. 

100.1 975.0 2-D triangular mesh calculation using 
improved radial blanket compositions and 
Version III cross-sections. 

26.7 20.2 96.5 975.0 R-Z model calculation using unimproved 
radial blanket compositions and Version 
III cross-sections. 

26.8 20.4 98.6 975.0 R-Z model calculation using unimproved 
radial blanket compositions and Version 
IV cross-section set 2. 

34.1 12.7 101.4 968.2 PSAR Table 4.3-7. 

Including extrapolation thicknesses at both ends of the core, 

'ihe remaining 6.8 MW is produced by capture In the control and other subassemblies. 

CO 
VO 



Ak 
TABLE V I I - 1 . Sodium Void Worth, — x 103 by Region in LWR-Pu-Fueled CRBR at EOEC 17 by D i f f e r en t Methods 

Case 
Cross-
Section 

ENDF/B-III 

ENDF/B-III 

ENDF/B-IV^ 

ENDF/B-IV^ 

Inner 
Core 

14.83 

16.99 

Outer 
Core 

0.15 

1.28 

Lower 
Blanket 

-0.86 

-0.61 

Upper 
Blanket 

-0.87 

-0.69 

Radial 
Blanket 

-1.18 

-0.92 

Total Comments 

12.07 Void worth in normal reactor with fuel 
at 1100°K by linearized leakage 
perturbation. 

11.56 Void worth in normal reactor with fuel 
at 1100°K by k-effective difference. 

16.06 Void worth in normal reactor with fuel 
at 1100°K by linearized leakage 
perturbation. 

16.43 Void worth in normal reactor with fuel 
at 1100°K by k-effective difference. 

o 

Version IV cross-section set 2 generated using RABANL integral transport theory over the resonance energy 
interval. 



TABLE V I I - 2 . Unvoided Dopp le r C o e f f i c i e n t , 
LWR-Pu-Fueled CRBR a t EOEC 17 

dk 
dT 

X 10** by Region Over Different Temperature Ranges in 

Case 
Cross- Inner Outer Lower Upper Radial 
Section Core Core Blanket Blanket Blanket Total Comments 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

ENDF/B-lII 

ENDF/B-IV^ 

ENDF/B-IV 

ENDF/B-III 

ENDF/B-IV 

ENDF/B-IV 

ENDF/B-III 

ENDF/B-IV 

ENDF/B-IV 

ENDF/B-III 

ENDF/B-IV 

ENDF/B-III 

ENDF/B-IV 

ENDF/B-IV 

ENDF/B-III 

ENDF/B-IV 

36.60 

37.21 

42.02 

34.02 

34.24 

38.68 

35.31 

35.72 

40.35 

39.52 

41.44 

47.71 

11.86 

11.97 

13.85 

11.01 

11.02 

12.77 

11.43 

11.50 

13.31 

13.12 

13.77 

16.20 

6.52 

6.43 

6.78 

5.55 

5.39 

5.68 

6.03 

5.91 

6.23 

6.81 

6.77 

7.33 

3 . 0 4 

3 .00 

3 . 1 5 

2 .68 

2 .60 

2 .74 

2 .86 

2 . 8 0 

2 .94 

11 .24 

11 .49 

11 .73 

9 .50 

9 .60 

9.79 

10 .37 

10 .56 

10 .76 

6 9 . 2 6 

70 .12 

7 7 . 5 5 

62 .76 

62 .85 

69 .66 

65.50 

3.18 

3.16 

3.42 

12.46 

12.84 

13.24 

75.09 

78.00 

87.90 

71.66 

83.95 

2200-4400°K, perturbation using fluxes 
at 2200°K. Case 3 includes also 
Doppler effect of steel not included 
in cases 1 and 2. 

2200-4400''K, perturbation using fluxes 
at 4400''K. Case 6 includes also 
Doppler effect of steel not included 
in cases 4 and 5. 

2200-4400''K, average of cases 1 and 4, 
66.48 cases 2 and 5, and cases 3 and 6. 

73.59 

2200-4400°K, by k-effective difference 
Case 11 includes Doppler effect of 

73.35 steel not included in case 10. 

1100-2200°K, perturbation using fluxes 
at 1100°K. Case 14 includes also 
Doppler effect of steel not included 
in cases 12 and 13. 

1100-2200°K, by k-effective difference. 
Case 16 includes Doppler effect of 
steel not included in case 15. 

ENDF/B-IV cross-section throughout this table refers to the Version IV cross-section set 2 generated using the 
RABANL integral transport theory over the resonance energy interval. 



dk 1 
TABLE VII-3. Voided Doppler Coefficient, - T ^ x 10^ by Region Over Different Temperature Ranges in 

LWR-Pu-Fueled CRBR at EOEC 17 

Case 
Cross-
Section 

Inner 
Core 

Outer 
Core 

Lower 
Blanket 

Upper 
Blanket 

Radial 
Blanket Total Comments 

1 

2 

3 

7 

8 

9 

4 

5 

6 

10 

11 

12 

13 

14 

15 

16 

ENDF/B-III 

ENDF/B-IV^ 

ENDF/B-IV 

ENDF/B-III 

ENDF/B-IV 

ENDF/B-IV 

ENDF/B-III 

ENDF/B-IV 

ENDF/B-IV 

ENDF/B-III 

ENDF/B-IV 

ENDF/B-III 

ENDF/B-IV 

ENDF/B-IV 

ENDF/B-III 

ENDF/B-IV 

22.20 

23.04 

25.58 

21.48 

22.22 

25.10 

20.77 

21.41 

24.62 

24.97 

26.23 

29.53 

7.22 

7.39 

8.35 

6.97 

7.12 

8.22 

6.73 

6.85 

8.09 

8.32 

8.63 

9.89 

5.06 

5.17 

5.40 

4.70 

4.77 

4.94 

4.34 

4.38 

4.49 

5.47 

5.64 

6.01 

2.32 

2.34 

2.43 

2.19 

2.20 

2.28 

2.07 

2.06 

2.13 

2.53 

2.57 

2.71 

9.65 

10.05 

10.22 

8.95 

9.28 

9.43 

8.25 

8.52 

8.64 

10.96 

11.48 

11.75 

46.45 

48.00 

51.98 

44.30 

45.60 

49.98 

42.16 

43.21 

47.98 

44.56 

50.12 

52.25 

54.55 

59.90 

50.49 

58.14 

2200-4400°K, perturbation using 
fluxes at 2200''K. Case 3 includes 
also Doppler effect of steel not 
Included in cases 1 and 2. 

2200-4400°K, average of cases 1 
and 4, cases 2 and 5, and cases 
3 and 6. 

2200-4400°K, perturbation using 
fluxes at 4400''K. Case 6 includes 
also Doppler effect of steel not 
included in cases 4 and 5. 

2200-4400''K, by k-effective dif
ference. Case 11 includes Doppler 
effect of steel not included in 
case 10. 

1100-2200''K, perturbation using 
fluxes at 1100°K. Case 14 includes 
also Doppler effect of steel not 
Included in cases 12 and 13. 

1100-2200°K, by k-effectlve dif
ference. Case 16 includes Doppler 
effect of steel not Included in 
case 15. 

*ENDF/B-IV cross-section throughout this table refers to the Version TV cross-section set 2 generated using the 
RABANL integral transport theory over the resonance energy Interval. 



Case 

TABLE VII-4. Steel Worth, ̂  x 103 by Region in LWR-Pu-Fueled CRBR at EOEC 17 by Different Methods 

Cross-
Section 

Inner 
Core 

Outer 
Core 

Lower 
Blanket 

Upper 
Blanket 

Radial 
Blanket Total Comments 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

ENDF/B-III 

ENDF/B-IV^ 

ENDF/B-III 

ENDF/B-IV 

ENDF/B-III 

ENDF/B-IV^ 

ENDF/B-Iv'^ 

ENDF/B-III 

ENDF/B-IV^ 

ENDF/B-Iv'^ 

-42.45 

-44.41 

-40.81 

-42.43 

-43.05 

-45.15 

-45.55 

-40.86 

-43.22 

-43.43 

-6.23 

-6.92 

-3.70 

-4.44 

-6.35 

-7.09 

-7.24 

-3.76 

-4.60 

-4.68 

1.71 

1.74 

3.22 

3.21 

1.71 

1.73 

1.70 

3.12 

3.14 

3.12 

2.43 

2.52 

3.95 

4.00 

2.40 

2.48 

2.46 

3.84 

3.93 

3.91 

3.05 

3.18 

4.01 

4.11 

3.01 

3.12 

3.09 

3.89 

4.02 

4.00 

-41.49 

-43.89 

-33.37 

-35.55 

-42.28 

-44.90 

-45.53 

-33.79^ 

-36.73 

-37.06 
> 

Worth of all steel in the unvoided 
reactor at 1100°K by linearized 
leakage perturbation. 

Worth of all steel in the core-and-
blanket-voided reactor at 1100°K by 
linearized leakage perturbation. 

Worth of all steel in the unvoided 
reactor with the fuel at 2200°K by 
linearized leakage perturbation. 

Worth of all steel in the core-and-
blanket-voided reactor with the fuel 
at 2200 °K by linearized leakage per
turbation. 

*ENDF/B-IV cross-section throughout this table refers to the Version IV cross-section set 2 generated using the 
RABANL integral transport theory over the resonance energy interval. 

'^Constituents of steel at llOO'K. 

^^Constituents of steel at 2200°K. 

co 



TABLE VII-5. Core Fuel^ Worth, -^ x lo3 by Region in LWR-Pu-Fueled CRBR at EOEC 17 by Different Methods 

Case 
Cross-
Section 

Inner 
Core 

Outer 
Core 

Lower 
Blanket 

Upper 
Blanket 

Radial 
Blanket Total Comments 

1 

2 

3 

4 

5 

6 

7 

8 

ENDF/B-III 

ENDF/B-IV^ 

ENDF/B-III 

ENDF/B-IV 

ENDF/B-III 

ENDF/B-IV 

ENDF/B-III 

ENDF/B-IV 

196.95 

196.40 

209.82 

207.49 

198.96 

199.01 

211.14 

209.18 

160.54 

160.37 

169.10 

167.31 

162.04 

162.30 

169.98 

168.42 

25.88 

25.43 

32.48 

31.61 

25.73 

25.26 

32.33 

31.44 

20.46 

19.96 

26.34 

25.47 

20.46 

19.97 

26.34 

25.46 

403.83 

402.16 

437.74 

431.88 

407.21 

406.54 

439.79 

434.51 

Worth of fuel at llOO'K in the 
unvoided reactor by perturbation. 

Worth of fuel at 1100"K in the 
core-and-blanket-voided reactor 
by perturbation. 

Worth of fuel at 2200"K in the 
unvoided reactor by perturbation, 

Worth of fuel at 2200"K in the 
core-and-blanket-voided reactor 
by perturbation. 

^urnt fuel in the central quarter of the core about the core midplane. 

ENDF/B-IV cross-section throughout this table refers to the Version IV cross-section set 2 generated using the 
RABANL integral transport theory over the resonance energy interval. 
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TABLE VII-6. Contribution to Differences In Sodium Void Worth 
for Two Subassemblies In the Inner Core 

Subassembly 

6 

13 

R-Leak. 

0.54 

1.94 

Void worth based on ENDF/B-IV-Void Worth 
based on ENDF/B-III data 

Z-Leak> 

9.24 

7.94 

Abs. 

15.07 

14.68 

Net Scat. 

77.37 

79.36 

Source 

-2.22 

-3.91 

Total 

100 

100 

TABLE VII-7. Comparison of Peak Reactivity Coefficients by PSAR Channel 

(10"5 -^ per kg) 

PSAR 
Channel 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Sodium 

3 

This Work 

7.55 
8.03 

7.24 

7.04 

5.70 

5.62 

4.18 

3.55 

1.59 

-0.08 

Void 
PSAR 
App. F 

7.40 

7.35 

6.40 

6.20 

5.40 

4.65 

4.00 

3.10 

1.80 

-0.60 

Steel Wo: 

This Work 

-4.16 

-4.04 

-3.66 

-3.50 

-2.97 

-2.91 

-2.28 

-2.05 

-1.05 

-0.22 

rth 
PSAR 
App. F 

-4.20 

-3.95 

-3.55 

-3.40 

-3.10 

-2.70 

-2.40 

-2.05 

-1.40 

-0.20 

Fuel Worth 

This Work 

9.57 

6.75 

7.95 

5.76 

7.50 

5.90 

5.33 

10.07 

6.48 

5.88 

PSAR 
App. F. 

11.40 

7.85 

9.10 

6.75 

8.90 

6.70 

6.00 

11.15 

8.10 

6.50 

^Case 1 of Table VII-1 . 
^Case 8 of Table VII-4 (cases 3 and 8 are pract ical ly identical) 

^Case 7 of Table VII-5. 
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TABLE VII-8. Effect on the Sodium Voiding Reactivity 
in the Inner Core of CRBR at EOEC of 
Changing from ENDF/B-III data to 
ENDF/B-IV for Selected Materials 
(One-Dimensional Model) 

Isotope % Change in reactivity 
Changed from all ENDF/B-III value 

235u 

238u 

239pu 

2'*0pu 

241 

2I42 

Pu 

Pu 

160 

2 3Na 

Fe 

Cr 

Nl 

Mo 

Mn 

0.25 

4.91 

2.23 

2.85 

-0.48 

0.01 

-0.16 

-0.13 

0.68 

-0.46 

0.34 

-0.74 

0.39 

TABLE VII-9. A More General Fit for the Temperature 
Dependence of the Doppler Effect in 
the LWR-Pu-Fueled Clinch River Breeder 

1 dk 
Reactor at EOEC 17, i 5^ 

K dl -aT 

Voiding 
c o n d i t i o n 

Unvoided 

Unvoided 

Voided 

Number of 
d a t a p o i n t s * 

3^ 

4^ 

3^ 

a 

0 .01683 

0 .01751 

0.01732 

y 

1.1159 

1.1211 

1.1708 

^(1100°, 2200°, 4400''K) 

^(1100°, 2200', 4400°, 6600'K) 

*A data point refers to a pair of values of the fuel 
temperature and the multiplication constant. 
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TABLE VII-10. Comparison of Doppler Coefficients with the 
Preliminary Safety Analysis Report (PSAR) 
for the LWR-Pu-Fueled Clinch River Breeder 
Reactor at EOEC 17 

dk 1 
Doppler coefficient, -1^ x IQ'* 

dT 

Reg ion 

I n n e r Core 

Ou te r Core 

Lower A x i a l B l a n k e t 

Upper A x i a l B l a n k e t 

R a d i a l B l a n k e t 

T o t a l 

With Sodium 
T h i s Work* 

3 5 . 3 1 

1 1 . 4 3 

6 . 0 3 

2 . 8 6 

10 .37 

6 6 . 0 0 

PSAR 

3 7 . 0 

1 3 . 1 

" 5 . 7 

1.7 

1 2 . 1 

6 9 . 6 

Wi thou t 
T h i s Work* 

2 1 . 4 8 

6 .97 

4 . 7 0 

2 .19 

8 .95 

4 4 . 3 0 

Sodium 
PSAR 

19 .2 

7 .7 

3 .9 

1.5 

1 1 . 9 

4 4 . 2 

*For temperature range from 2200''K to 4400°K, average of Doppler 
coefficients computed with 2206''K fluxes and 4400°K fluxes 
(cases 7 of Tables VII-2 and VII-3). 

TABLE VII-11. Comparison of Doppler Coefficients by Channel for the 
LWR-Pu-Fueled CRBR at EOEC 17 

PSAR 
Channe l 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

T o t a l 

D o p p l e r 

Sodium 

T h i s Work* 

3 .27 

5 .39 

5 . 9 5 

7 .48 

6 . 8 3 

6 . 3 2 

7 .05 

2 . 8 8 

4 . 8 2 

5 . 7 1 

5 5 . 6 3 

C o e f f i c i e n t 

In 
PSAR 

Fable F6 . 

3 .48 

5 . 5 8 

5 .95 

7 .64 

7 .62 

6 . 6 1 
/ 

7 .53 

3 .03 

5 .79 

6 .17 

5 9 . 4 0 

,2-7 

( - T § X 10̂  ') 

Sod 

T h i s Work* 

2 .09 

3 .46 

3 .87 

4 . 8 3 

4 . 2 3 

3 .93 

4 .44 

1.78 

3 .04 

3 .70 

35 .35 

lum Out 
PSAR 

Tab le F 6 . 2 - 7 

2 . 1 8 

3 .44 

3 .82 

4 . 8 5 

4 . 5 9 

4 .14 

4 . 8 1 

1.91 

3 .64 

4 . 3 5 

3 7 . 7 3 

*Cases 7 of Tables VII-2 and VII-3 



TABLE V I I I - 1 Comparison of R e a c t i v i t y C o e f f i c i e n t s f o r F u l l Core H e i g h t , by Channel , f o r LWR-Pu-Fueled CRBR a t 
B0EC14 a s Ob ta ined from 2-D T r i a n g u l a r - M e s h and R-Z P e r t u r b a t i o n C a l c u l a t i o n s , Ak/k2 x 10^ 

Channel 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Subassembly 
I . D . 

1.7 

3 ,6 

2 , 1 0 , 1 5 

5 . 8 , 1 6 

4 , 9 , 1 1 , 1 4 

1 2 , 1 3 , 1 7 

19 ,22 

1 8 , 2 4 , 2 8 , 3 1 , 6 8 

2 0 , 2 3 , 3 2 

2 1 , 2 5 , 2 6 , 2 7 , 

29 ,30 

Sodium Void Worth 

Tri_ 

1.758 

1.684 

2 .271 

1.647 

1.999 

1.586 

0 .461 

0 .299 

0.274 

- 0 . 6 4 3 

R-Z 

1.849 

1.774 

2 .636 

2 .252 

2 .765 

1.798 

0 .244 

0 .573 

0 .571 

- 0 . 5 8 5 

S t e e l Remov 

T r i . 

5.423 

5.482 

7.147 

5 .221 

5 .669 

4 .307 

1.825 

3 .080 

1.661 

0 .053 

a l Worth 

R-Z 

5.748 

5.656 

7.987 

5.992 

7.086 

4 .719 

1.230 

3 .662 

2 .338 

0.117 

Doppler 

T r i . 

- 0 . 3 9 1 7 

- 0 . 3 8 8 6 

- 0 . 4 8 6 7 

- 0 . 3 8 2 4 

- 0 . 4 5 4 1 

- 0 . 2 4 7 9 

- 0 . 1 0 4 0 

-0.1102 

- 0 . 1 3 8 6 

- 0 . 2 4 7 4 

Worth* 

R-Z 

- 0 . 4 4 0 0 

- 0 . 4 2 5 7 

- 0 . 5 4 6 5 

- 0 . 3 5 5 4 

- 0 . 4 3 2 4 

- 0 . 2 5 7 7 

- 0 . 1 0 1 5 

- 0 . 2 4 8 6 

- 0 . 1 5 5 2 

- 0 . 2 6 7 2 

Core Fue l Worth 

T r i . 

4 2 . 1 1 

3 2 . 7 4 

3 6 . 7 0 

37 .10 

57 .82 

26 .64 

2 4 . 6 8 

61 .56 

2 9 . 1 1 

49 .93 

R-Z 

42 .84 

3 2 . 8 0 

36 .18 

36 .74 

57 .54 

26 .64 

2 3 . 4 0 

68 .89 

31 .34 

52 .16 

* R e a c t i v i t y f o r a t e m p e r a t u r e change of 1100°K t o 2200°K in t h e unvoided r e a c t o r c o r r e s p o n d i n g t o c a s e 5 or TABLE V-7 



TABLE VIII-2 Comparison of the Sodium Void Worth by Channel and Component over full Core Height as 
Obtained from 2-D Triangular-Mesh and R-Z Perturbation Calculations for LWR-Pu Fueled 

CRBR at B0EC14 (Normalized to 100 for the total worth from R-Z Calculations) 

Channel 

1 Tri 
R-Z 

2 Tri 
R-Z 

3 Tri 
R-Z 

4 Tri 
R-Z 

5 Tri 
R-Z 

6 Tri 
R-Z 

7 Tri 
R-Z 

8 Tri 
R-Z 

9 Tri 
R-Z 

10 Tri 
R-Z 

R-Leakage 

-8. 03 
-8.34 

-3.92 
-6.92 

-7.84 
-3.47 

-16.57 
-10.90 

-32.77 
-19.60 

-22.15 
-15.28 

-98.30 
-176.86 

-225.46 
-225.69 

-125.27 
-89.03 

412.22 
429.44 

Z-Leakage 

-38.40 
-38.43 

-40.97 
-39.18 

-37.58 
-36.34 

-34.45 
-34.45 

-34.12 
-35.52 

-35.94 
-38.71 

-130.84 
-136.41 

-108.93 
-137.99 

-75.16 
-94.88 

111.28 
131.51 

Absorption 

22.52 
24.88 

23.67 
24.96 

20.66 
22.33 

18.82 
17.83 

18.25 
18.08 

16.96 
17.29 

59.28 
55.92 

50.51 
58.16 

33.78 
37.35 

-54.24 
-57.35 

Fiss Source 

-2.65 
-3.08 

-2.53 
-3.08 

-2.03 
-2.53 

-1.96 
-1.88 

-2.05 
-2.03 

-1.38 
-1.52 

-2.97 
-3.38 

-2.87 
-4.16 

-1.37 
-1.89 

3.08 
3.87 

Net Scat 

121.68 
124.98 

118.67 
124.23 

112.92 
120.01 

107.28 
129.40 

120.40 
139.72 

130.76 
138.23 

361.67 
360.74 

338.90 
409.69 

216.06 
248.46 

-362.49 
-407.48 

Total 

95.10 
100 

94.91 
100 

86.14 
100 

73.12 
100 

69.71 
100 

88.23 
100 

188.82 
100 

52.14 
100 

48.03 
100 

109.85 
100 



TABLE VIII-3 Comparison of React ivi ty Coefficients for a 5.752 cm th ick Sl ice about the Midplane, by Channel, 
for LWR-Pu-Fueled CRBR with Normal Sodium at E0EC17 as Obtained from 2-D 

Triangular-Mesh and R-Z Per turba t ion Calcu la t ions , Ak/k2 x 10** 

Channel 

1 

2 

3 

4 

5 

6 

7 

8 

' 9 

10 

Subassembly 
I.D. 

1,7 

2,3,6 

4,11,14 

8,10,15,13,16 

18,24 

19,22 

5,9,21,26,68 

20,23,25 

12,17,32 

27,28,29,30,31 

Sodium 

Tri 

2.171 

3.420 

2.631 

4.816 

0.788 

0,438 

2.283 

0.619 

1.557 

-0.414 

Void Worth 

R-Z 

2.317 

3.605 

2.658 

5.169 

1.105 

0.521 

2.494 

0.714 

1.496 

-0.752 

Steel Removal Worth 

Tri 

5.953 

8.938 

7.190 

12.805 

2.858 

1.758 

7.190 

2.512 

4.652 

0.946 

R-Z 

6.196 

9.194 

7.218 

13.423 

3.455 

1.930 

7.659 

2.713 

4.641 

-0.563 

Doppler 

Tri 

-0.3314 

-0.4283 

-0.4040 

-0.6063 

-0.1598 

-0.1151 

-0.4280 

-0.1654 

-0.2434 

-0.1802 

Worth* 

R-Z 

-0.3319 

-0.4227 

-0.3814 

-0.6205 

-0.1661 

-0.1144 

-0.4397 

-0.1615 

-0.2392 

-0.1732 

Core Fuel Worth 

Tri 

24.25 

26.51 

31.32 

38.26 

26.64 

18.68 

43.12 

25.29 

20.22 

34.56 

R-Z 

25.34 

27.38 

31.63 

39.61 

28.80 

19.36 

44.54 

25.38 

20.76 

35.39 

*Reactivity for a temperature change of llOO'K to 2200°K. 



TABLE VIII-4 Comparison of Reactivity Coefficients for a 5.752 cm Thick Slice about the Midplane, 
by Channel for LWR-Pu-Fueled CRBR with Sodium Voided at E0EC17 As Obtained 
from 2-D Triangular-Mesh and R-Z Perturbation Calculations, Ak/k2 x lo'* 

Channel 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Subassembly 
I.D. 

1,7 

2,3,6 

4.11,14 

8,10,13,15,16 

18,24 

19,22 

5,9,21,26,68 

20,23,25 

12,17,32 

27,28,29,30,31 

Steel Removal Worth 

Tri 

6.042 

9.008 

7.095 

12.672 

2.765 

1.645 

6.891 

2.828 

4.953 

-0.002 

R-Z 

6.236 

9.168 

7.016 

13.165 

3.231 

1.728 

7.244 

2.401 

4.291 

-0.476 

Doppler 

Tri 

-0.2019 

-0.2630 

-0.2422 

-0.3650 

-0.0964 

-0.0712 

-0.2607 

-0.1026 

-0.1493 

-0.1173 

Worth* 

R-Z 

-0.2029 

-0.2609 

-0.2265 

-0.3760 

-0.0983 

-0.0689 

-0.2654 

-0.0981 

-0.1453 

-0.1108 

Core Fuel Worth 

Tri 

25.65 

28.96 

32.71 

41.46 

27.34 

19.77 

45.62 

27.03 

21.92 

38.03 

R-Z 

25.62 

28.37 

31.22 

40.49 

27.92 

19.32 

44.49 

25.63 

21.07 

37.09 

cn 

*Reactivity for a temperature change of llOO^K to 2200° K. 



TABLE A . l . The ANL-27 and WARD-9 Broad Group Energy S t r u c t u r e s 

ANL-27 

gP 

1 

2 

3 

/, 

5 

6 

7 

8 

9 

Upper Energy, eV 

1.000 

6.065 

3.679 

2 .231 

1.353 

8.209 

4.979 

3.020 

1.832 

+ 

•f 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

7 

6 

6 

6 

6 

5 

5 

5 

5 

gP 

10 

11 

12 

13 

14 

15 

16 

17 

18 

Upper Energy, eV 

1.111 

6.738 

4.087 

2.479 

1.503 

9.119 

5.531 

3.355 

2.035 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

5 

4 

4 

4 

4 

3 

3 

3 

3 

gP 

19 

20 

21 

22 

23 

24 

25 

26 

27 

Upper Energy, eV 

1.234 

7.485 

4.540 

2.754 

1.013 

3.727 

1.371 

5.044 

1.855 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

3 

2 

2 

2 

2 

1 

1 

WAKD-9 

gP 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Upper Energy, eV 

1.000 

2 .231 

8.209 

1.832 

4.087 

9.119 

2.035 

4.540 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

0.6826 

7 

6 

5 

5 

4 

3 

3 

2 

Cn 
|vo 



TABLE A.2. Description of Cells Used to Compute Cross Sections Using Integral 
Transport Theory Capability of Mc2-2 Code 

Inner Core Outer Core Radial Blanket 

pin clad coolant pin clad coolant pin clad coolant 

0.254 0.3006 0.3924 0.6223 0.6616 0.7402 

3.722 - 3 1.000 - 10 

1.057 - 3 1.000 - 10 

5.539 - 4 1.000 - 10 

1.041 - 4 4.917 - 5 J2 

1.484 - 2 2.232 - 2 

4.092 - 2 4.474 - 2 

5.437 - 2 5.437 - 2 

1.578 - 2 1.578 - 2 

1.078 - 2 1.078 - 2 

1.222 - 3 1.222 - 3 

1.494 - 3 1.494 - 3 

2.2066 - 2 2.2066 - 2 

radius, cm 

2 3 9pu 

2'»0pu 

241pu 

235u 

238u 

0 

Fe 

Cr 

Ni 

Mo 

^^tto 

23Na 

0.254 

2.558 -

7.269 -

3.807 -

1.157 -

1.648 -

4.079 -

3 

4 

4 

4 

2 

2 

0.3006 

5.437 -

1.578 -

1.078 -

1.222 -

1.494 -

2 

2 

2 

3 

3 

0.3924 

2.2066 - 2 
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TABLE A.3. CRBR Configuration & Compoaltlons Used In 
SDX Code to Collapse to 27 Groups 

Inner Core Outer Core Rad. Blanket Rad. Reflector 

Outer radius 
of region, cm 

Mesh Inter
vals 

^^^Pu atoms/ 
barn-cm 

Pu 

Pu 

Pu 

Pu 

U 

2 39 

2<tO 

2m 

21.2 

23 5 

2 38i, 

0 

Fe 

Cr 

Nl 

Mo 

S^Mn 

23 Na 

72 

30 

1.599 - 5 

1.072 - 3 

3.045 - 4 

1.595 - 4 

3.775 - 5 

4.846 - 5 

6.905 - 3 

1.709 - 2 

9.132 - 3 

2.650 - 3 

1.811 - 3 

2.051 - 4 

2.508 - 4 

9.115 - 3 

94 

10 

2.327 - 5 

1.559 - 3 

4.430 - 4 

2.320 - 4 

5.491 - 5 

4.360 - 5 

6.216 - 3 

1.714 - 2 

9.132 - 3 

2.650 - 3 

1.811 - 3 

2.051 - 4 

2.508 - 4 

9.115 - 3 

122 

10 

3.476 - 5 

1.577 - 2 

3.162 - 2 

5.006 - 3 

1.452 - 3 

9.927 - 4 

1.125 - 4 

1.374 - 4 

4.437 - 3 

142 

10 

1.220 - 2 

1.250 - 2 

4.810 - 2 

1.710 - 4 

2.080 - 4 

2.490 - 3 
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